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I, INTRODUCTION

"Incapacitation" is defined in teirms of changes in
behavior, changes which disrupt the organization and perform-
ance of normal activities, The final criteria for testing
incapacitating agents must, therefore, involve measures of
behavior, There are many such measures which might be
included in progrems designed to screen chemical agents for
incapacitating properties, Each of these measures may te
affected by the characteristics of the organism under study,
the conditions under which behavicr is generated for test
purposes, the research design employed in the test, and
properties of the chemical agent administered., Obviously,
effects of these confounding variables and of their inter-
actions would influence the interpretation of results provided
ky any screening program and, thereby, the decisions about
actions to be taken in regard to the chemlcal agent under
stncyr, From the practical point of view these variables
contribute to the risks of labelling a new apent as worthy
of development when in fact it is nor or, on the other hand,
of failing to identify a new agent which is promising. The
present research project arose from the wish of the U,S,
Army Cherical Center to minimize these risks by obtaining as
full information as possible about the effects of the
confounding variables on measures of behavior which might be
included in screening programs,

In accordance with specifications in the contract
proposal, the first six months of the project were devoted
to examining the objectives of a program for identifying and
evaluating potential incapacituting agents., The objectives
were summarized and requirements for achieving them specified
in the project's Report No, 1 submitted in September 1960,
This report listed desjired characteristics of incapacitating
agents, defined the concept of "incapacitation" in behavioral
terms, discussed considerations in research design where
chemical agent-behavior interactions are involved, and
specified requirements to be met by any measures of behavior
which mipht be used in studying such interaations.. The
report also outlined a four-phase screening program two
phases of which involve studies of infrahuman animals and
two, human subjects; the first three phases employ laboratory
tests and the fourth, field tests,
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The remaining year and a half of the contract has been
devoted to ¢mpirical studies. In this short period consi-
deretion could be given to only a few of the issues vhich
deserve attention, A decision was mede to concentrate on
problems occurring in Phase 2 of the suggested four-phase
program, which involves "screening in depth" using infrahuman
animls subjects; any screening program for evaluating
effects of chemical agents on bshavior muist begin with
research using such subjects., Time and the level of effort
supported by the contract made it impossible to undertake
all the research required to develop a full screening progranm
of the Phase 2 type. Instead the research has concentrated
on siudying a variety of behavior measures and of research
designs, all of which are candidates for inclusion in a
final screening program as described in the project's Report
No. 1. For some of the behavior measures, comparative data
have been collected on effects of three prototype chemical
agents; for other measures, data could be obtained on only
one or two of the agents, The number of subjects in the
experiments has also been limited, in several instances to
the extent that replications of the studies would be necessary
before conclusions could be drawn with confidence., Despite
these limitations, evaluation of the results clearly provides
information relevant to the kinds of practical issues
dsgcribed earlier vhich affect the screening of chemical
cgents for peychoactive properties,

The general plan of the present report bepgins with a
consideration of research designs, general procedures, and
some propertiss of the chemical agents used, before describing
in detsil the experiments on individ:al behavior measures,
Descriptions of the latter, which constitute the largest
section of the report, are followsd by a description of the
pharmacological studies undertaken prel!rinary to, or concurrent
with, the behavior studies. Finally, there is a considera-
tion of the implications of the research resulte and a brief
concluding summary,
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IT. RESEARCH DESIGNS AND GENERAL FROCEDURES

In his treatise, "The Design of Experiments", R.A.
Msher (1542) emphasised a point which 1s accepted as a
truism, but which is of particular importance for any study
involving chemical agent-behavior interactions:

"If the design of an experiment is faulty, any
method of interpretation which makes it out to be
decisive must be faulty too. It is true that there are
a great many experimental procedures which are well
designed in that they may lead to decisive conclusions,
but on other occasions mey fail to do 80.s." .

Research design is particularly important in research of the
present kind because of the number of variasbles capable of
influencing any set of obseivations, Carry-over effects
11lustrate one of the most troublesome results of the opera-
tion of such variables, Repeated administrations of the
same chemical &gent, even when interdose intervals are of
considerable length, may produce a cumulation of effects.
The sequential administration of two or more different
chemical agents may give rise to one of three effects
depending upon the pharmacological and biochemical modes of
action of the particular agents involved: one may summate
with the other or one may potentiate the other, in both
cases full effects teing produced at reduced dose levels;
one may antagonize another, thus resuliing in a failure of a
full dose of the latter to give its full effects. When any
of these effects are operating there lurks the danger of
faulty interpretation of results., As the results of the
present series of experiments show, carry-over effects occur
frequently under conditions similar to those which charac-
terize practical screening proprams, Precautions may be
taken to minimize the risk of carry-over effects by allowing
sufficiently long intervals between administrations of the
chemical agent under study., Other precautions may be taken
by designing the research in such a way as to determine
whether or not carry-over effects Aid in fact occur and to
identify more fully the nature of the effects,

Thia js only one example of the kinds of variables
which may affect the interpretation of results ir experiments
planned to determine effects of chenical agsnis on behavior,
One of the otjestives of the present project was to atudy
empirically the operation of several different research
designs under experimental conditioans of this kind. The
present section describes the experimental variables studied
and the designs employed and discusses cortain rslated issues
of general procedure,



Experimental variables

By studying techniques for generating and measuring the
various behavior petterns it was possible to control a number
of varisbles which might otherwise have affected the research
results: some were eliminated and others were held constant
throughout the period during wiich the independent variables
under study were being systematically varied. The three
indenendent variebles of primary interest were: differences
In c55momorﬁﬁofogy of the chemcal agents studied, dose
levels administered, and times after administration at which
tests were made for possible effects of an agent on the
behavior patterns measured. The use of several dose levels
provides data for computing the doseeresponse characteristics
of the agents administered; repeated measurements of behavior
after administration make it possible to compute the time-
response charscteristics, including peak-effect timcs and
aﬁFa%Ioue of effects.

The behavior patterns constituting the main dependent
variables will be described in a later section, whick reports
the detalls of the experiments on behavior, These dependent
variables were all measures of performance, rather than of
learning, Report No, 1 presented the view that the main
military uses for incapacitating agents seem to involve the
temporary deterioration or disruption of performance in
skills already acquired, The acquisition of new skills is
usually a fairly lengthy process involving perlcds of training
which take place in the zone of the interior rather than in
a theater of operations; to incapacitate the acquisition
process in a significant way would require ar incapacitating
agent with very persistent after effects of acute administra-
tion or repeated administrations o1 a shorter-acting agent.
Performance of skills already acqrired would appear to be
the primary target in identifying and evaluating potential
agents; performances which it may he militarily desirable to
alter range from simple motor skills to complex decisione
making, Dependent varisbles studied in the present project
were selecled to sample this range to the extent possible
under the time lirmitations of the research period, Standurd
measures of these variables provided data on level of
performance under the experimental conditions and on intra~
and interindividual variability in performance,.

Several research designs were used in studying relations
between these experimental variables.
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Randowised groups design

When subjects are to be administered only one dose of an
agent it is possitle to use a randomized groups desien in
vhich n subjects are nssigned at random to one of k treat-
mnta, If each treatment i8 considered to be of equal impor-
tance, it is advantageous to have equal n's in the various
treatment groups. The results mey be analysed by analysis
of variance which provideas informaticn atout the significances
of the different treatments, dose levels in the present
studies, and of interindividual differences among subjects
within treatment groups., The use of this ‘type .of deaign
u:l%l be illustrated with data from studies of two behavior
patterns.



Latin square design

It 18 a oreat advantace in ascreening chemical agents 1if
the same subjects can bs used for repested testing. Even
when the most efficient and economical techniques for
measuring behavior have been designed, establishing stable
baselines of pretreatment performsnce is time-consuming; the
experimenter!s "investment” in each animal is great even
before an agent is administered for the first time. One way
of mnimizing the total number of subjects would be to test
each at all treatment or dose levels, The Latin square
design is one possible way of accomplishing this; variations
of this design have been used in several of the experiments
to be rbported later,

latin squares were formed by having the number of sub-
Jects in each square equal to the number of dose levels
administered equal to the number of administrations. Random-
ization within each square was reatricted in such a way
that each dose occurred only once at each administration and
each subject received each dose only once during the drug
series, Wherever time permitted the lLatin square was repli-
cated using a new group of subjects.
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latin square deusipgn with replication of the same square

It is possible that the order in which doses of the
chewical agent are administered may influence the effects of
the agent c: the behavior measured. The use of a latin
aquare design with replication of the same gquare permits
tte isolation of a sum of squarer corresponding to the
particular orders in which the agent was in fact admimiutered,
This design was used in ueveral of the experiments to be
reported later,



Other research des’pgne

It has not been poesible to work with certain other
research designs which were scheduled for consideration,
One, the latin square design with balanced guu'n, has
advantages by providing an estimate of resi effects of
immediately preceding treatments as well as of treatment
effects (Wlliams, 1949), Another mekes it possible to
obtain & better estimate of residual effects by adding an
additional session or column to the latin square which dupli-
oates exactly the treatments of what otherwise would be the
last column of the square; this means that each treatment is
preceded equally often hy each other treatment including
iteelf (Cochran and Cox, 1957), A third is referred to as
:;%1__2 rial desimm" in which the variables involved are

possible combinations in the same experiment;
although this type of design has certain advantages, it also
has the disadvantage that the number treatment-combinations
or the number of different subjects to which treatmente
cowbinations must be administered mgy become so large as to
mke the experinent administratively impracticable,
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Carry-over effects

A requirement in the a 8 of the latin square desi
is that the observetions romdnfmnt doses Are inde- ®
pendent, 1.0., that a behevior measure at one dose level for
a particular test session is not dependent upon the effecte
of doses adwinistered during an earlier drug series. VWhen
this requiremeht is not met, the treatments are said to have
oarry-over effects; wnder such circumstances, differenceds in
regidual effects from one drug series to enother could lead
to an order in the results due to treatment interantion
rather than treatment per se. There is always danger of
carry-over effects when the same subjects are given a series
of different treatments,

One way of eliminating the possibility of carry-over
effects is to provide sufficient time intervals between
successive administrations of the chemical agent for the
residual effects of one treatment to dissipate completely
before the next treatment is undertaken, In studies of
chexical arent-behavior interections, recovery from residual
effects mxy involve three separste, but potentially related,
varisbles: chenges in behavior, presence of the agent in
the body, and changes in biochemical systems affocted by the
agent. The time characteristics of these variables may be
quite different, For examples, studies of the effects of the
"tranquilizer” reserpine on behavior indicete that the drug
is absorbed and metabolized rapidly, reaching an asymptotic
mirdmam within two hours and persisting without further
significant chan~e over a period of L8 hours (Plummer et al,
1957); eignificant behavior changes begin to appear after
this asymptotic level has been reached and disappear while
it still persists (Russell, 1967); brain rerotonin and
norepinephrine levels decrease rapidly after administration
of the drug, 90 per cent or more disappearing within four
hours, btut do not return to normal level for about seven
days (Shore and Brodie, 1957). Since any of these three
classes of variables may contribute to residual effects when
the same subjects are rsed in a series of treatmente, all
rmust be considered in deciding upon the duration of intervals
hetween successive adrrinistrations of the cherical agent under
study in any experiment, Idedlly the intervals would be
sufficient to encorpsss. the duration of the slowes* recovery
pProcess, but, for the econory of the screening program, the
duration would be no longer than necsssary.
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WVithin the time limits of the present project it was
neocsssary to depend upon mreliminary obwervations of the
offects of the various drug treatmente for informstion upon
which to base inter-treatment intervals, The procedure was
to deterwine the time required for each bshavioral measure
affected to return ‘o its pretreatment baselinejan additiénal
margin o safety was added to establish the intervals between
drog administrations for subsequent experiments. The fr quent
appearance of sienificant carry-over effects in the snalyses
of results indicates that this pronedurs in 4tzelf was not
adequate and suggests the need to supplement information
adout behavioral recovery processes with analogous informa-
tion of a pharmacological and biocherdcal nature, A begin-
ning was made during the course of the project to obtain the
relevant pharmacological data for the agents uvsed; these
data will be discussed later. To obtain corresponding
information about changes in biochemical events poses the
most difficult problem of all, since it requires knowledge
of the modes of action of the chemical agents involved,

Without these kinds of information it is impowsible to
rule out the hypothesis that carry-over effects may be
responsibis for the order found in an experimsnt involving
repeated drug treatments of the same subjects. The use of
designs involving repeated treatments of the same subjects
is appealing from the point of view of economy in research
time and effort, since obsrvations on fawer subjects are
required, However, the appeal .

" «eumust be evaluated against the worth of less
'iffy! desiens such as (1) random assigrments of m
individuals to each of the T treatment (or experimental)
conditions or (2) the used of matched cases with
matching on the basis of some relevant variable(s) or
on the basis of pretest measures of the dependent
variable under consideration (McNemar, 1962)",



Dos¢~response relations

Applioation of the research designe described above
provide data which may be analysed to reveal relations
between various dose levels of a chemical sgent administered
and concowmxdtant quantitative changes in the behavior measured.
The standard procedure in analysing the data from the present
series of experiments has bteen: first, to plot lsvels cf
performance for each dose level over the time period of an
experiment; second, to calculate the significance of the dose-
regsponse relations at the time when the agent had its peak
effect, using anslysis of variance techniques appropriate
for the particular research design involved; and, third, to
coupute a "median behavior dose" or m;o, which represents
the dose of a particular drug at its peak effect necessary
to produce & significant change in 50 per cent of the sample
studied., The method for computing will be described
later, when it can be illustrated usihg results from present
studies,



Tims-rogponoe relations

Chondoal agents differ in tha speed with wiich they
produos thelir effects after administration and in the duration
of these effects, Report No. 1, in discussing the desired
charecteristios of incapacitating sgents, pointed to two
mjor featuree of their time-response relationss first, it
is generally desirable that the onset of effects occur un
one hour or less following adwinistretion of an agent,
although an agent which had a deluyed time of onset would
als0 be of interest; second, it is important to know the
duration of action once the effects have been produced,
with the possibility that it may be desiretle to have a
family of agents with varying durations of effestive action,
To obtain data from wvhich these time cheracteristics may be
detorwined, the standsrd research design for the present
exporiments has included periodic measures of behavior at
intervals following administration of an agent, When a
meagure of behavior is sensitive to a' particular dose of an
sgent, repeated tests can be expected to show a change in
baseline performance, developing after administration and
returning to baseline level as time passes. In anslyzing
the time-response data the procedure adopted has been to
plnt the relations, to determine peak-effect times, and to
specily durations cf action in terms of time between adminis-
iration ¢f an agent and the recovery of a peanure of behavior
to the extent that it no longer differs significantIy from
its predrug baseline,
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Predrug baseline performancae

Severcl references have slready been made to the very
basic roles that data on the stability of predrug baseline
porformance plays in the analysis and interpretation of the
present experimental results, Stability is determined by
comparing the sfwilarity of measurements obtained from
otservations of a subject's performance in a standardizcd
screening situation on two or more occasions with periods of
time intervening between observations, The procedure used
in the present experiments was to measure sach subject's
performance during a predrug period when the behavior wes
being shaped by training. Practice was continuved until an
asymptote in level of performance vas reached, Analyses of
these predrug performance levels and comparisons with per-
formance levels following recovery from drug treatments
will be described later when the data for specific experiments
are presented.
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‘Subjects

During recent years many different species of infrahumen
animals have been used in research on drug-bahavior inter-
actions, In some instances selection has been motivated by
an interest in a perticular species; in other instances,
the use of several species has provided a basis for comparae
tive atudies of behavior; in still other instances animals
have teen used as "tools" for research, with the assumption
that the results of such research mey have implications for
drug=behavior interections in man, The selection of animal
subjects for the behavioral soreening of chemical agents is
based upon this latter assumption. The validity of the
assumption needs further systematic testing, although it has
been empirically established for certain biological phenomena
and has been put to practical application particularly in
the medical sciences. Becavse of the importance of the
assumption to the soreening of chemical agents for their
peychoactive properties, the question of validity was dis-
cussed in Report No. 1 and will be considered later in the
context of the present experimental studies, It is obvious
that the question in ics general form is as applicable to
other aspects of a screening program, e.g., pharmecological,
:::d.colofical, physiological, biochemical, as it is to the

havioral .

Report No. 1, in outlining a general program for screening
incapacitating asents, envisaped the use of several infrahuman
animal speciesy as subjects for particular phases of the pro-
gram, Vithin the limits of the present project it was nec-
essary to concentrate on only two species if other objectives
were to be achieved, The rat and the monkey were chosen, the
former because of the detailed information already available
about its behavior and the latter because of its phyletic
position close to man,

All rats used as subjects were from the Holtzman Albino
stock (Holtzman Company, Madison, Wisconsin). This source
of supply provided vigorous, docile animals which wera rore
homogeneous in weight than other stendard sources contacted,
a desirable feature for certain pharmacological determina-
tions to be reported later, Only male animals were used and
all were betwseen three and four months old when started on
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their treimng trials, Fach was housed in & separate cage

during the entire duration of its partitipation in the project.,

They were fed on standard Weyne Lab Elox for Rats and Mide
(Al1ied M11s, Chicago), ad _1g._b:ltum;exc'ept. when oh a 1imted
intake acboduie required to con fébd-hﬁhger motivation,

Squirrél mdnkeys| Saimifi sciurea, also served as sub-
Jects in some of theé éxperiments to e reported, All were
purchased from suppliers who obtained them directly from
their native habitats, Thei ages were unknown, although
all appeared to be relatively young animals.
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Bshavior measures

The view was presented sarlier that the .resent project
should be oriented toward the study of performence rather
than learning. Even with this limitation, there still
remained meny different behavior patterns from which to
select measures of performance to be included i1 a battery
of screening tests. The bases upon which selections mav be
wade have been described (Russell, 1960), These were con-
Sidered in wmoking choices for the present experiments., The
selections discussed in Report No. 1 were used, with some
wodifications, all measures being likely candidates for
inclusion in a final test battery. Each will be described
later when specific experiments of the present series are
congidered,
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III., CHEMICAL AGENTS

The wmajor objective of the present project was to study
the nature of variables affecting the validity of methods for
screening potential incapacitating chemical agents, There-
fore, the choice of agents to be used in the project was not
limited by a requirement to screen new compounds of unknown
value, After discussions with the first Contract Project
Officer it was decided that the needs of the project and of
ite unclassified security status would best be met if psycho-
active chemical arents already in general use, 1.6., not
reciricted to use as incapacitating agents, were selected
for study., The three agents - Librium pentobartital sodium,
and ethanol - were chosen from a list of prototype drugs
suggestad by the Psychopharmacology Service Center, National
Institute of Mental Health for use in basic research on
behavior (September 1961 number of the PSC Bulletin).

Jibrium, or methaminodiazepoxide, has been described as
a "psychosedative'; it is used clinically with reported
success in the treatment of anxiety and tension where its
most obvious characteristics are jts sedative and muscle
relaxant properties, Pentobarbital is one of the barbiturates
with a relatively short duration of action., Ethanol, or
ethyl alcohol, is also rapidly absorbed and cataboliged;
like pentobarbital its acute effect on the central nervous
system i3 to act as s depressant upon the cerebrql cortex.
Relations between the actions of these drugs and their
effects on the behavior measures studied in the present
project will be discssed later in this report.

The drugs were administered orally or intraperitoneally
in aqueous solutions, which were made fresh at least once
daily during experimentation. To assure maxjimum stability
and solubility ¢f the Librium and pentobarhitel soclutions,
no attempt was made to neutralize them. Instead, placebo
solutions were prepared of djlute acid and base, which
approximoted the acidity and alkalinity of the more, conren=-
trated drug rolutions adidnistered (sse Table 1), o

Loy Y .
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Librium
hydrochloride

Pentobarbital
sodimm

Ethanol

Preparation

Aqueous soln,
¢ 0.1 m1/100g

Aqueocus soln,
@ 0.1 ml/100g

S0% aqueous
solution

Table 1

Placebo Route
056 NRQL Oral
IP

08 Na,CO0; Oral
IP

Water Oral

IP
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Conditions Selected for Drug Administration

Maxd mum
~dose
(per kg)

32 mg.

<8 {>h)mg

LO mg
£10 ( >5)mg

33,0 m°

0,2 ml

1 peak effect time observed in gross behavioral effects, i.e., on

motor coordination and startle and pain responses.

Observations

made only at time intervals of %, 3, 1, 2, and more hours after
drug administration.

2

to ad 1ib fed L50-500g. rats via oral intubation, although gross
behavior measures were relatively unaffected at this level of 50%

ethanol,

s
(hours)

1.00
0425

0,50
0.25

0,50
0.25

3.0 ml constituted the practical limit which could be administered
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In order to more clesely approximate the clinmical
situation, all drugs were administered orally for the behavior
studies, Oral administration was done via a atomach intubae
tion technique, utilizing a 1 ml tuberculin syringe with a
3 inch, 18 gauge needle modified with a slight curvaturs and
a rounded ball of sclder to blunt the tip. Preliminary
studies showed no sigmificant effect on the various behavior
test performances due to the intubation procedure alone.

Significant changes in behavior may occur at any dose
level Yetween zero and the level at which toxic effects to
the body appear. For purposes of the present research drug
levels for the behavioral experiments were established hy
preliminary behavioral toxicity studies, to be described in
detail later, in which the effects of various doses of each
drug on selected indices of locomotor coordination, general
activity, startle response and response to pain were syste-
matically observed and rated. The minimum effective dose
for these gross behavioral variables was used as a guide in
setting the maximum drug level for the more gquantitative
experiments on behavior. The other end of the effective
vworking ran~e was defined by a zero dose, or placebo treat-
ment. Doses within this range were related in decreasing
fractional steps of one-half between succeeding dose levels,
a selection which proved empirically to be effective for
describing dose-response characteristics of the three drugs
studied, The standard dose levels used in these experiments
for the three drugs studied weret

Ilibﬂum - o, h’ 8, 16, 32 m/kg,
Pentobarbitsl - 0, 5, 10, 20, LO mg/kg, and
Ethanol - 0, 0,25, 0.5, 1.0, 2,0 ml/kg.



IV, EXPERIMENTS ON BRHAVIOR

As Introduction

The preceeding sections have set the background for a
detailed examination of the severzl experiments designel to
study effects of the chemical agents upon behavior, In
describing research designs, procedures and analyses of
results for individual experiments, it will not be necessary
to repeat in detail the general considerations which have
already been discussed; instead émphacis will be placed upon
special features of each experiment and upon the results
Obta:‘.mdo

Most of the experiments to be reported were designed
to provide information about a single behavior pattern;
occasionally two related petterns were studied in a single
expériment, Seven experiments were completed to the point
of obtaining data for at least one replication of the re-~
search design. In order to study a wide range of behavior
patterns, all experiments were planned to use a minimm
number of subjects per replication and to add replications
when desirable, Because of the limited time available it has
not been possible to replicate some of the experiments
sufficiently to provide final, definitive results; these
experiments must be consgidered as pilot studies of the kind
which are particularly charecteristic of developmental
rooocreh, TIn addition to detailed datu concerning specific
drug-behavior interections, the experiments as a whole pro-
vide information abovt factors which affect the practical
task of screening chemical ageats for their psychoactive
properties and illustrate the steps involved in developing
a standardized screening battery of hehavioral measures of
the type discussed in Report No, 1.

-
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B. Food intake

In research designed to study effects of chemical
agents on behavior, food intake may serve as a useful
measure in two principal ways. Food intake is often very
sensitive to disease processes and, therefore, may be help-
ful in monitoring the general state of health of animal
subjects involved in an experiment, For example, the most
frequent diseases in our rat colonies involve respiratory
disorders, which, if diagnosed early, can be treated success-
fully; experiesnce has shown that one of the first symptoms
of such disorders is a decrease in food intake.

Measures of consummatory responses also are one way to
quantify appetitive drives (Miller and Barry, 1959), food
intake serving as a measure of hunger. The effects of a
drug on this consummatory response may provide useful infor-
mation as to whether motivation is involved in the behavioral
mode of action of the drug. In studies employing food-hunger
as the means of motivating the behavior under study, e.g.,
the straightaway approach response in the present experiments,
the amount of food intake is often controlled for each sub-
Ject as & means of estahlishing and maintaining consistent
hunger levels; drups may affect these levels despite such
controls and thereby alter behavior, More difficult to
discern are effects of interactions between changes in food-
hunger and another form of motivation which may be serving
as the primary motivation. For example. Knonfelmacher et al
(1956) report behavioral effects of thiamina and reduced
caloric intake which "..,suggest that some interaction
occurred between the two drives, escape frem water and food-
hunger, even thoush the latter was never reinforced at the
completion of any trial", By recording food intake, the
possibility that this kind of interaction might have occurred
during an experiment may be examined,

Records of food intake were maintained during most of
the experiments of the present series in which rats were
used as subjects, In the majority of instances the records
were necegsary parts of the procedvre for controlling level
of food-hunger motivation; the procedure imposed a maximm
limit on food-intuke and, ithercfore, made any measure of the
latter invalid as an index of ad libitum consummatory tahavior,
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However, detailed records of such behavior were kept during
the course of two experiments, both to be described later:
one was designed to study effects of Librium on & straight-
awsy escape response and the other, effects of pentobarbital
on the same response, Anslyses of these two series of data
are reported in the paragraphs which follow,

Research desipn and procedurn. The research design and
procedure are Hscues’éﬁ'i%'dmrin section "D" below, In
essence, & 5 x 5 Latin square design with two replications
of the same sguare was vsed in studying each drug. Each
replication required five animels, five drug dose levels and
five drug series, each beginning with the administration of
a single dose and observations continuing for six days.
Anrimals were assigned at random to the five rows of the
design.

The 10 Holtzman albino rats who served as subjects were
dult mules whose body weights had reached the characteristic
platean of approximately 500g. They had not participated in
any previovs studies. All were housed in separste cages
during the experimental period and were fed and watered ad
libitum, The food was evailable in pellet form from metal

hoppers which were attached exterior to the mesh cage walls.

Deily food consumption was measured by weighing the hopper
contents at the beginning and end of each 2 hour period,

Spillace was not recorded, but appeared to be minimal and

fajirly constant.

Racords of food intake were kept during the course of
two experiments: one involvine the administration of Iibrium
and the other, pentobarbital., Doses for the former were
O, L, 8, 16 and 32 mg/kg and for the latter, 0, 5, 10, 20 and
LO mg/kg; all doses were administered crally. In order to
obtalp data necessary to determine time-response relations
between the absorption-metabolism of each drug and any
changes which mipht occur in the consummatory response,
food intake measures were recorded, in prams, at the end

of each 2l hours during the six days between drug administrations.,
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. ~:1Results, Tables 2.and.i3 summarige’ the results_of

the stadies in terms of mean food intake at each of the five
dose levels for the two drugs administered, Data sre pro-
vided for each of the six days following drug administration,
Exarination of ths data in these tables and of plots made
from them sugpest that neither drug had any significant
effect of a systematic nature on this consummatory response.
The absoclute level of food intake remained very steady
throughout the six days following each drug administration,
There is no obvious evidence of any concommitant variation
between mean intake and drug dose level, Analyses of variance
for the librium and pentobarbital dats summarized in Tables
I, and 5, substantiate these observations; in neither case
is the F-ratio significant for "dose". Two significant
variance terms do appear. The significant F-ratio for
"weeks" in the Librium data indicates the presence of carry-
over effects during the sequence of weekly drug administra-
tions. There is no evidence for such effosts in the pento-
barbital results, This distinction between the two drugs
will appear again in other behavior measures to be reported
later., Varlability among subjects was significant during
the pentobarbital series, but not during the librium tests,

Since chemical agents which increase the variability
of grovp behavior may "incapabitate" the normal functioning
of the group, the effect just referred to was analyzed
further., Inter-individual variability during each test
session was computed and expressed as a standard deviation,
s, Standard deviations for toth the- Iibrium and pento-
barbital series are given in Tables & and 75 ~ It is of
interest to know whether variability under drug conditions
differed significantly in any instance(s) from variability
under the corresponding "O" or placebo condition. Tests for
such significance can be made by obtaining an gnbiased
estimate of the population variance for each 8¢ and comparing
the variance estimates for each dose level with the estimates
for corresponding placebo conditions. The comparison is made
by expressing each pair as a ratio, which is an F-ratio
(Senders, 1958). These computations were made for the data
in Tables 6 and ‘73 the instances in which variance under
a drug condition differed significantly from variance wider
its corresponding placebo condition are indicated by
agterisks in the tables. Only one difference in variability
was found to be significant in each of the two drug series,
a finding which might be attributed to chance, However,
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Tabls |
Food Intakes Iibriom
Suwdry of Analysis of Varianoe

Sm of ¥oan
Squares d.t, Square

1,816,568
1,162 .96 290,64
3,925.76 961 .4k

1,700.48

8,605.36




Table 5
Yood Intale: Pentobarbital
Suswry of Amlysis of Variance

Sum of Mean
Squares d.f, Square

120,96

3,324.56
2236
1,388,08

5,555.16




Table 6

Interindividual Variability ef Food Irnteke?: librime

Time aiter
sdvimstration

(Hours) 0
% 8,78
b8 7.dh
7 9.22
9% JJ2
120 748
11 .4

12,2
1054
12,37
148
8.18
8.3

Dose (we/ig)
8
8.89
866
9.85
7/
1n.58

949

1 Rxpresesd as standard deviaiions, s.

? 1 o

* Differe significantly from placedo group.
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9.43

10,9
10.86
10,15¢
8.5
12,29
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Table 7
Drterindividual Varisbilityl of Food Intake?: Funtobarbital

Tine after Dose (mg/kg)
sdxdnistretion
(Boure) [ 2 10
8.54 1329 5.20
10,58 12,48 13.7%
748 1632 13,08
ol 12,08 9.2
1.8 18,3 10,86

16,16 12.8 1090

1 Bxpressed as standard deviation, s,

2 Tn grems.
® Differe signifiomntly from placebe group.
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closer examination of the two sets of data does suggest a
possible consistency in the pentobarbital series which does
not appear in the Iibrium dota: during the first four days
standard deviatiors for the LO mg/kg measures are greater
than those for measures at any other dose level, As will be
shown in the pharmacological data reported later, this dose
was vell above the threshold for effects on motor coordina=-
tion and startle and pain response. It may have been that
this dose was alzo very close to the threshold for changes

in this consummatory response, chenpes which may be evidenced
first by increased variability and, later, by alterations in
level of performance, This kind of possible threshold effect
is worthy of specific study,
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C. Water intake

Measurement of water inteke provided a means of quanti-
fying another appetitive drive: thirst, Detailed records of
this consummatory response were kept during the course of
several of the present experiments. The results were all
similar; those obtained under the identical conditions which
held for the food intake measures just described will be
reported in detail here,

Research design and procedure. The 5 x 5 Latin aquare
desipn required Iive Eﬁfﬁgga In each row, five drug adminis-
trations at weekly intervals, and five levels of drug dose,
It was identical with that described in detail in the follow-
ing section, Ten male albino Holtzman rats were used as
subjects, being assigned at random to the rows of the desipn
to complete two replications of the same Latin aquare, All
were between 3.} months of age when the experimant began;
none had participated in prior research. All were fed and
watered ad libjtum durlng the course of the study, the food
consisting of standard Yayne Lab Hlox pellets for rats and
mice,

Water intake was measured daily during the six days
between drug administrations as the decrease in weight of
the Individual water bottle assemblies between the beginming
and end of each 2 hour period, The bottles were not allowed
to become more than /3 empty, and the design of the drinking
tip allowed minimal leakage.

Results, Tables 8 and 9 summarize the results of the
atudies in terms of nean water intake at each of the five
dose levels for each drug administered. Gross examination
of the tables does not suggest any concommitent variation
of a systematic nature between dose levels and water intuke,
Analyses of variance, summarized in Tables 10 and 11, confirm
this impression: it is clear that there is no significant
gsource of variance in dose, in inter-subject variability or
in "weeks" or carry-over effects.
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To complete the analysis in a way couparasble to that
used with the food intake data, individual standard devia=-
tions, s, were computed for each test session of the two
drug experiments; they are reported in Tsbles 12 and 13,
Comparing the s for each drug session with its corresponding
s for the placebo condition using the method described in
the preceeding section (Senders, 1958), shows significant
differences in homogeneity of variance only among those pairs
indicated by asterisks in the tables, These appear to be
scattered through the tables without any systematic pattern,
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Table 9
Mean Water Intakel: Pentobardital

.:: “.r:::rm Dove (wg/xg)
(Boure) (] 2 0 2 ¥
4 29 b 1 3 » ko
L8 n % » u x
” n 35 b % »
% »n 29 28 » n
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Souroe of
Yartanoce

Doee
Subjects
Weeks
Error

Total

Table 10

Water Intake: Ilibrium
Swmary of Analyris of Variance

Sum of
Squares

36042h
310.64
19284
11,286 .72

5,702l

d.t.
b

- I

Mean
Square

90406
T 46
1986
357.23




Table 11
Water Intake: Pentobarbital
Summary of Avalysea of Variance

Sum of Mean
Squares d.f, Square

1,06k .56
990.96
36836

2,551.68

L, 975 .36




fatlo 12
Interindi vidual Varisbidity) of Veter Intake?s Idoriws

Time after Doss (mg/%g)
adwinistrution
(Horrs) 2 4 8 ¥ o2
2, 407 127 7.2+ 954 9.15
k8 15.72 7.55% 1010 10,00 9.8
72 14,76 944 13,27 NN Nab
9% 15.5 9,80 .8, 2360 MMO
120 12,713 16,76 9.80 88 380
b T ITC B 1 Stk bR T

1 yeproesed as stendard devistion, s,
2 In grome .
* Differe rigmificantly from placobo group,
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Interindividual Variability! of Water Intake?: Fentobarbitel

Time xn:;-m Doss (mg/kg)
oy 0 E 1B
24 .5 8,00 6.86 1245
us 8.00 én 1,53 10,73
T2 742 1000 10.15 19,63
9% U2k 8.25 7.3 bs
120 1,83 755 128 1048
1 1562 12.% 8.72 12.48

1 grpreased as standard deviation, 8.
2 In greme.
* Differs significantly frow placebo group.

.7
15 .60»
n2
14,83
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« Before reporting on other experiments in the
present serles, it may be useful to summerize briefly the
main pointa learmed from the studies of consummatory responses
Just described.

Food and water intake are two measures widely used as
indices of appetitive drives, If the drugs affected either
or both of these drive processes, one of the effects expectad
would be modifications in the levels of the respective cone
summatory response(s). In fact the results of the two
experiments failed to provide any evidence for concomat tant
variation between drug dose levels and the magnitudes of
either response within the range of dose levels explored.

However, the drugs had other kinds of significant
behavioral effects in which they were distinctly different,
i.e,, carry-over effects and effects on interindividual or
group varisbility. Iibrium had significant carry-over
effects which were evident in the food intake measure during
the, period of weekly drug administrations, but pentobarbital
did not; no significant carry-over effects appeared in the
water intake data. On the other hand, pentobarbital increased
interindividual variability in food intake, while Librium did
not; neither had any significant effect upon such variabiiity
in the water intake measure, These results indicate that,
within the range of dose levels studied, various properties
of the two behavior patterns were differentially sensitive
to the two drugs.
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D. Straightaway escape response (SER)

The rate of locomotion in traversing a straightaway to
approach food or to escape an aversive stimilus has been used
in experimental studies of motivation (e.g., Anderson, 1938;
Brown, 1942} Bugelski and Miller, 1938; Buxton, 1941) and of
operant conditioning (e.g., Hull, 193L4; Graham and Gegne),
1940) where rats have served as subjects. Straightaway
operant responses are easily established and they are very
stable once they have been acquired. Experience with this
type of response during studies of the behavioral effects of
an organo-phosphorus anticholinesterase agent (Russell,

1958) suggested that it could be used profitably as a simple
prototype of conditioned operant responses and as a means of
studying motor output involving locomotor coordination, It
has been included in the present. series of experiments in

two forms: as an approach and as an escape response, Exper-
iments on the latter were more extensive and wiil be des=
cribed first,

Research desipn. A series of three SER experiments
were conducted, eacE involving one of the three prototype
drugs. All experiments employed a 5 x 5 Latin sguare research
design with two replications of the same square. The advan-
tage of this design, which makes possible the isolation of

a sum of squares corresponding to the particular orders in
which the drug under study was administered, was discussed
earlier, The Latin square used is shown in Table 1l; each
replication recuired five animals, five drug series and five
dose levels. Animals were assigned at random to the five

rows of the design. Preliminary studies indicated that the
measure of performance, rate of traversing the straightaway,
returned to an asymptotic level within three to four days,
even after administration of the largest drug dose; therefore,
one week was set as the standard intertreatment interval,

Rate served as subjects in all experiments,
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Teat situation. The conditions required to generate
the SER are relatively simple. In general terms, it is
necessary to create an environment in which subjects can be
expoged to an aversive stimilus and where the only operant
escape response possible is to traverse a straightuway path.
Previous studies of SER had used electric shock as the aver-
sive stimulus, Since, in the present project, it was intended
to use another experimental set up, the classical shuttlebox,
to study both escape and avoidance responses to shock, it
was considered desirable to add to the number of different
forms of motivation included in a final screening battery by
using a different aversive stimulus for the SER, Earlier
studies (e.g.,, Braun, Russell, and Patton, 1549) had demon-
strated how successfully escape from water could be used to
motivate a variety of behavior patterns in the rat, incluvding
the SER; therefore, this form of motivation was selected for
the present experiments.

Preliminary study of straightaways of different con-
structions led to a final apparatus consisting of a metal
tenk 8L inches long, 10 inches wide, and 20 inches deep with
a landing platform beginning 12 jinches from one end, At the
beginning of a test session the tank was filled with water
to_a depth of 12 inches; the water was maintained between
18° and 20°C, during the session., The apparatus was located
in a separate experimental room where such varisbles as
illumination, room temperature and ambient noise were
controlled,

A trial consisted of one traversal of the straightaway.
The standard operating procedurs for this water type of test
unit was followed: the animal was placed in the starting
end of the straightaway facing the end wall; a Standard
Electric timer, calibrated in hundredths of seconds, was
started when the experimenter relessed the animal and was
stopped when the animal's forepaws touched the landing plat-
form at the other enu. The elapsed time was recorded and
later converted to razte, the reciprocal of time, as the basic
mcasure of performance on the trial. FEach standsrd test
session consisted of five trials given successively with 30-
second intertrial intervals; the median rate for the five
trials constituted the measure of performance for a test
session.
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Sublects, Ten male white rats.of the Holtzwian altino stock
aemm;]ects for the main experiments, They nad not
participated in any previous studies, other animals Yeing
used for preliminary tests during the development of the
apparatus and procedure., They were rendomly civided into two

groups required for the two replications of the lLatin square
desion and were assigned randomly to the five rows of the
design, In order to study the practical problem of repeated
use of the same subjects in tests of more than one chemical
agent, the same ten animals served as subjects in studying
the effects of Iibrium, pentobarbital and ethanol on the SER,.
A1l were housed in separate capes during the experimental
period. They were fed and watered gg_libitum in their home
cages,

Procedurs, Since it was desired to weasure performance,
rather than acquisition, all animals received 175 trials of
preliminary training prior to the start of the first drug
experiment., Trials 1 to 150 were given 10 per day and the
last 25, S per day. . Throughout this and other studies
described in the present report, experimentation went on
daily for seven days per week. Information about the stabil-
ity of the final predrug baseline performance will be
presented in the following section describing the experimental
results.,

The first drug, librium, was administered orally on the
day following completion of preliminary trairing, Test
sessionsg, consisting of five trials per session, were spaced
at 1, 3, 5, 7, 9, 2L hours after administration and then at
2l hour intervals to 2 total of 2kl hours or six days. On
the seventh day the animals received their second doses in
the Librium series. This weskly regimen continued until each
animal had received the five dose levels required by the
research design.

Test series for the second drug, pentobarbital, began
after an interval of one weck cduring which each animel
received five caily "baseline" trisls, The same timing and
sequence of administrations and test sessions as in the
Iibrium series was used, the five drug levels being: O, 5,
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10, 20 and 4O mg/kg. A third test series followed in turn
with ethanol as the chemical agent administered orally at
dose levels of 0,00, 0.25, 0.50, 1.00, and 2,00 ml/kg.

Results. Data collected by this procedure provided
informstion arout several basic features of the drug-behavior
interactions studied., Each of these features will be con~
sidered separately in reporting the results of the three
experiments.

1, Stability of baseline performance. The research
design possible to use each animal as its own control,
This required that g%able predrug baseline performance levels
be established. Any changes induced by administration of a
drug dose could then be expressed as a per cent of each
individual subjectt!s own baseline performance, The first

two columng in Table 15 show the means, X, and standard
deviations, s, for each of the 10 subjects, calculated from
the performance rates for the 30 trials of the six days
immediately preceeding the first drug series. Six, rather
than some other number of days during the preliminary training
period, were chosen for the calculations because this is the
game duration as the 6-day period of each drug series., As

the g~column clearly shows, the variability of the distribu~
tion of performance rates for each individual subject was

very small, For even the rost variatle animal, No. L, 95

per cent of the performance rates fell within a range of

0.,06; in all cases the mean rates were many times their
standerd errors,

Estimates were obbained of the internal consistency of
the five measures in each of the six test sessions using a
form of the conventional split-half method, Because of the
number of cases involved, 10, the rankeorder correlation,
ros (Senders, 1958) was used for estimating relationships
between measures on odd and even trials. The correlations
obtained were OOBR, 0090’ 0079, 0-88, 0-85, and 0093’ all. Qf
which are signifi- ant at better than the .01 level of
confidence,
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It would be expected thet the effects of drugs at the
prasent relatively low doses would be evidenced as reversible
ctanges in any behavior measures affected, If the prelimine
ary study referred to earlier was valid, reversible changes
in behavior should cccur within the six days between drug
administrations, i.e,, performance rates should diminish in
magnitude and then return to predrug baseline levels., To
check on this recovery, each animal's performance rates were
computed for the last two test sessions of each drug period,
These data for the Iibrium series are reported in the last
five colums of Table 153_ the asterisks indicate those
rates which fall beyond = 2 standard deviations from the
means of the distributions of predrug baseline measures, i.e.,
were significantly different at the ,05 level of confidence,
The most obvious feature of the data is that the vast majore
ity of performance rates during these last two test sezsions
had returned to predrug baseline levels, i.e., did not differ
significantly from the predrug means, A second feature of
the data is that significant differences occurred more
frequently at the end of the fifth drug session than at the
end of any other session; in all instances the deviatiois
were in the direction of lower performmce rates, A third
feature worthy of attention from a methodological point of
view is the case of animal no, 1, all of whose recovery
levels were significantly lower than its predrug level.

This suggests that the animal's "baseline" performance rate
shifted to a new level following the first drug adminiatra-
tion and remained consistently at the new level during the
remeinder of the experiment., The reason for the shift is
unknown, but, the fact that it occurred even when experimental
conditions remained constant, means that the possibility of
chanses of this kind should be anticipated in experiments in
which gubjects are vsed as their own controls: shifts in
predrug or "control" baselines could lead to misinterpreta-~
tions of what might appear to te continudng drug effects,.

2, Dose-response relations. Relations between dose
levels of the drugs and changes in performance of the SER
are shown graphically in Figures 1 to 3; the date upon which
the curves in these figures are based are presented in Tables
16 to 18, Each point in the figures and each number in the
tables is the mean for the performance of 10 animals. Each
mean is based upon per cent change in predrug baseline per-
formance computed for each animal individually by dividing
its performence rate during a particular test session of a
drug series by its baseline rate during the predrug series
discussed above, 1In this way the effect on the SER of each
dose level of each drug was evaluated in terms of each
animal's own performance under non-drug conditions.
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Table 16
Rttectsl of Ethanol
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Dose (m1/kg)

Tive after
advdnd stretion

1,00 2,00

2

2
100

(Hours)

87

100

101

200

100
100

101

48

b Lo}

blv:
9
100

9%
120
Ush

lwumumdmmmmmm.




Straightanay Esceps Response (SEB): Rthanal,

PERCINT BASELINE RATE
g % 8 B

J

| FNEPEPES R S 1 1 A - e A 3.
[+ S © 13 20 % n -] L

HOUHS AFTER DPUG ADWHISTRATOM




50

In Figures 1 to 3 SER performance levels at different
drug dosages are plotted as a function of time after adminis-
tration of the drug, Such plots contain information about
both dose- and time-response relations. Examination of the
curves at any particular point on the abscissa shows the
relative effects of different doses at that time, These
effects appear most clearly at the test session one hour
after drug administration, All three drugs are seen to have
produced decrements in the SER at least at some of the Jose
levels, the greatest effect in absolute terms being for
pentobarbital and the least for elhanol. Of greater interest,
however, is the direct relation which is shown between the
magnitude of decrements when they do occur and the dose
levels which produced them: as dose level increased, decre-
ments increased,

The significance of these dose~response effects at the
peak effect time were tested by analyses of variance and are
given under "doses" in the summary Tables 19 to 21. All
effects at this interval were highly significant for the
three drugs atudied; in each ease the results of the analysis
make it possible to reject the null hypothesis that the SER
measures at the five doge levels are drzwn at random from
the same population of measures. Therefore, further compari-
sons anong the dose levels were in order. The compariscns
of greatest interest are those providing informatiocn about
which of Lhe dose levels produced significant decrements in
SER performance, There are several ways in which such come
parigsons could be made statistically. Teble 22 summarizes
the results of analyses using t-tests for correlated obser=-
vations, since the comparisons involve pairs of measurements
on the same subjects., The t-tests are used here to elaborate
the results of the analyses of variance and not to contradict
them (Senders, 1958). Examinatior of Table 22 shows that all
the Librium dosea produced significant decrements in the SER
and that the significant effects of pentobarbital and of
ethanol can be attributed to dose levels at the high ends of
the dose ranges selected for use in the present studies,
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Table 20
Straightoway Zocaps Responee: Notobarbital
Sormary of inalyais of Variance

Souroe of Sm of ¥oan
Tariation Squares d.L. Square 4 ?
Orere 1,955.28 b L83 82 Lid2 ©os
Brror (a) g5k 11 1043
Dross 7,962.08 b 1,982 arso o008
| Veoks 60 A8 k 15547 19 ™
Srror (b) 3,5T1 44 » 111,80
i -
: total 1h,669 20 b9




Table 21
Straightawe; Seuape Responses Ethemel

L | Somary of Amlysis of Wariance
: Soures of S of Hosn

Waristion Squares  d.uf, Square ¥

| Ordere 1,619.% b ol 83 10

‘5 Boor (a) 1,83, ] 366 .54
Veoks 3%6.90 L N.73 3.20
Rvor (v) N8 Jo R 2.7

Totad 5,6M,20 &9




Streightewsy Escape Responses

Table 22

Summzy of t-Tests
Dose  Pentobarbital Dose

Dose 1Abtiwm
lavels % ?
(wg/xg)

evs b 195 {05
o 8 355 {008
ow 18 6,29 .08
ove 32 7,06 005

1 At pesk effect tiws,

lawls t P
(we/xg)

ovs 5 017 m™
ovs 10 103 ns
ove 20 5,90 {008
ove 10 9.84 <.005

Dose~Response Relations

|

lavels
(w1/xg)

ovs 25
ove 40
ove 1.00
ovs 2,00
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One of the reasons for using the present type of repli-
cated latin square design was to determine whether or not the
order in which the various levels of drug dose were adminis-
Yered had an effect upon changes in the SFR, Mive different
orders were used; their possible effects were evaluated by
analysis of variance. The results of the evaluation are
summarigzed under "orders" in Tables 19 to 21, It will be seen
that no significant F-ratics were found for any of the three
drmgs, indicating that the order in which the various doses
were administered had no systematic effects upon the measures
of SER,

3, Time-response relations, Figures 1 to 3 and Tables
16 to 18 show time-response, as well as dose-response, rela=
tions for effects of the various drug treatments., The
general trends are the same fer all drugs studieds peak
effects are rapidly attained, i.e., in about one hour, after
drug administration and are followed by more gradual recovery.
These time characteristics have two features which are help=-
ful in defining them and useful for other purposes to be
discussed later: ga.k effoct time and duration of effect.
Both measures are given in Tarle 23 for The results obtained
in the present experiments.

Peak effect time is defined as the time after adminis-
tration of a drug when its maximm effects are achieved,
Peak effect times for all three drugs at all dose levels in
the present experiment were evidenced at the time of the
first test session, one hour after drug administration,
Bacause tests were not made at other times in the interval
around one hour, the one<hour ficure must be taken as an
approximation, In all instances recovery was clearly in
process by the three-hour test session.

Duration of coffect is dofined in terms of hours after
administration needed for siemificant changes in behavior to
return to the placeto baseline levels. Table 23 lists {ihese
times for those doses which produced statistically signifi-
cant effects on the SER. Each duration was ottained by



Table 23
1
Straightawey Reoponses Feak t Twes
d Darstioes ocm_m!m

Mbrim tal Bthancd
Dose’ Pesk Duretion Pea} Daration Doss’ Nak Dnretion
B 1 3 | J P, SRS
8 1 7 10 eeef e - R S,
6 1 18 20 1 3 100  —?  ome
» 18 o 1 7 2,00 1 3

1 Houre after admindstredion.

2 Boure to return to placebo baseline level,

3 In ng/us.

b v mi/ke.

5 Mot #igmifloantly different frow placebo group.
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determining the test session at which differences between
measures under a particular drug condition and measures for
its co-responding placebo condition ceased to be significant,
t-tests for corrslated otservations (Edwards, 1958) were

used to compute significance, As in the case of statistics
for peak effect time, the determination of duration was
dependent upon the timing of the test sessions and, therefore,
is an approximaticn; more exact determination would require

data obtained from additional test sessions at times immediately

preceeding those given in Table 23 The most accurate state-
ment atout each statistic on duration presented in the table
is that recovery from significant changes in SER occurred
within the time period given, It will be seen, as might be
axpected, that the duration of effects varied from drug to
drug and with the dose level administered,

k. Median behavioral dose (EDrn), Sclences, e.g.,
pharmacology and toxicology, conce with drug effects on
biological systems often express dose-response interactions
in terms of a relation between dose level and percentage of
subjects responding. Such relations have been found to fit
two general classes of curves, sipgmoid or ogival and hyper-
bolic (Drill, 1958). although there are relatively few drugs
in the latter class. Ry plotting dosage-mortality curves on
log=probability coordinates, a median lethal dose of LD5°
may be determined (Bliss, 1935 and 1938), When responses
other than death are involved, a median effective dose or
EDSO may be determined in a similar mammer, When the response
is”a behavior pattern, rarameters of which can be measured
quantitatively, an ED 0 ¢8n be computed, This value repre-
sents the dose of a partienlar drug necessary to produce a
significant change of the hehavior in 50 per cent of the
sample studied., In order to identify such an index as
involving behavior, it 3s useful to refer to it as a median
behaviorzl dose, or BDeg (Russell, 1960). o's have been
ccmputed from the data  provided by the present experiment.

One of the technical questions which arises in deter-
rmining BD O's concerns vhether or not a particular chang>
in behavidr is "significant". The question has been put in
another way: 1s the animal a "positive responder" under the
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drug conditions existing at the time the behavior is measured?
The definition of a significant changs or positive response
involves a comparison between measures of predrug behavior
and behavior under drug conditions. If the predrug baseline
is so stable that intraindividusl varistility is zero, any
change under drug conditions is "significant"; such stability
may occur, for example, in certain measures of opersnt condi-
tioning whan reinforcement of the response has been manipu-
lated to create it, However, it i3 much more frequently the
case that, although pretrainming has led to a high degree of
stabilite; intraindoidnel vanishilitw in rredme rerformance
has not been reduced to zero, Under such circumstances,
sigmificance may be defined statistically in terms of the
distritmtion of changes in measures of baseline performance,
The procedure followed in the present studies has been to
calculate the mean level and the variability of each subject's
performance during the six days just preceeding the drug test
in question and to establish the masnitudes of the behavior
measure which define two standard deviations on either side
of the mean; any measure of behavior at the peak effect time
of drug action which fell outside these limits was considered
as representing a significant change or a positive response,
In a normal curve, these limits cut off approximately 95 per
cent of the area under the curve; the present definition
requires that a change in behavior must deviate beyond this

area of normal performance measures in order to be "significant",

Using this statistical definition in analyzing data from
an experiment on drug-behavior interactions, relations
between the independent and dependent variables, dosage and
behavior, may be expressed graphically by plotting percent
of subjects showing significant changes in behavior against
dose levels The typical plot for dosace-mortality relations
is sigmoidal in shape, For converience of analysis it has
become conventional to convert such curves to straight lines
by transforming dosases to logarithms and percentages to a
prooit function of the normal probability curve., Wth large
samples all observations tend to #2111 on or close to a single
straight line, but with small samples the variaticn is greater
and values for individual observations shovld not be weighted
equally in computing the best-fitting curve, Tebles for
corrected probits have been provided (Hliss, 1938).
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This method of probit analysis was applied to data from
the three SER bxperiments, the straight lines being drawn by
best visual fit, The resulting ts were 9.0 for
Librium, 1145 mg/kg for pentobarbital, and 1.5 for
ethanol, as shown in Figure §&

Data such as these may be fitted more precisely. Karbert!s
Method for calculating the dose-response curve is a special
case of the maximmum likelihood method of Hliss and assumes
that drug effects are distributed according to log dose,
rather then dose, of drug, As en exemrle of this second
approach Cornfield and Mantel's (1950) modification of the
Karber Method was applied to the non-praphical calculation
of the o for the Librium data. The calculated value of
9.2 mg/kg conpares very closely with the graphic log-probit
plot value of 9.0 mg/kg reported atove,

Both of these methods also allcw for the determination
of the variance or standard error of the BDy,, but are
relatively time-consuming to apply. It is anticipated that
a procedure which allows caloulation of the standard error
of the 0 directly from the lor-probit plot will be more
feasible for routine screening applications,

S« Variability of performance. Chemical erents may
have theim—effgcﬁ' ring the variability of
behavior. It is conceivatrle that the mean level cf a
particular performance wight remain essentizlly unchanged
after edmimistration of an agent, yet the variability in
performance of subjects affected uight increase to an

extent which seriously influenced the predictability of
their behavior at any given time and thus discrganized their
normal operations as meubers of a group. The present experi-
ments provided informstion about three different kinds of
behavioral variability.



Fegure L), Dose-dsspomse Oarves for the SER Behavioral Tests
IAbrius, Pentoberdital, and Zthawel,
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8., Intraindividuel varisbility during & sin
test sbshioh. I A e H Ty -

‘performance fron trial to trial, even when the conditions

generating the behsvior are held as objectively constant as
possible. Such intraindividual variability tends to decrease
as the behavior pattern is learned and overlearned, In the
present. experiments it is to e expected that this kind of
variability would attain its minimum values when a stable
baseline of performance had been reached during predrug test
gessions, Following administration of a chemical agent
varisbility might be altered, returning to baseline levels
during the subsequent recovery period,

Tn order to study this kind of intraindividual
variability it is necessary to have mcre than one measure of
performance during each test session,. Whether this is
poasible depends upon the nature of the behavior measured
and, therefore, upon the conditions urder which it is
genersted. Some but not all of the responses studied in
the present project met this criterion; SER was one and can
be used to illustrate the ethod of analyzing data for
evidence of drug effects on this kind of variability.

The five'trtals.niven curin~ each tect session’: .-°°
constitute & dictribution.of measurec frow which standard
statimtics on central tendency and variehillity nay.be ‘calcu~
lated.  For presenv purposes 2 stendard deviaticn, s, was
computed for each subject at the peak effect time following
each drug administration, using the original time measures
taken during each trial, The standard deviation, then,
constituted a "score" for the subject's variability of
performance and could be compared with its analogous scores
under other treatment conditions or with scores obtained by
other subjects. Table 2L gives the means of the individual
standard deviations for the group of subjects as a whole,
There appears to be no systematic relations between variability
and dose level, with the possible exception of the pento=-
barbital data where varisbility increased appreciably at the
two hipgh dose levels. Analyses of variance, summarized in
Table 25, svpport this general impression: no significant
F-ratios were ottained ~xcept in the case of pentobarbital
dose effects,



W
;
]
i
3
|
m

at Peak Effect Tim




. —— 5 TN M 5 ot et - o o et

et v m e e

Talle 25

Straightavey Encepe Response: Intrwindividoal Variability
at Feak Effect Time

Semory of Anslymes of Varimnce

Source of Sm of Yoan
Yariation Squares a.L, Square r ) 4
As libmwm
Tooe oL L o1 s
Sudjects 143 9 2.6 1.27 e
Rrror 0.3
Total
B, Fentobsrbital
Dose Dﬂ b 3.3 146 (a
Sdbjecic 5 9 8& 138 ™
Ce Ithanal
Senjocte B 3 o im =
Brmr 5 0.0h -
Totad
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The results with Iibrium and ethanol illustrate
the general case in which level of performance is more
sensitive % drug effects than is intraindividual variability
of the performance, The fact that the mean standard devis=-
tions for the lower doses of pentobarbital remeined at very
nearly the same level or plcteau and that a significant
increase in varistility occurred between 20 mg/kg and LO
mg/kg suggests the existence of a "threshold" effect within
the latter range, As will be pointed oud in section V
below, 4O mg/kg of pentobarbital is a relatively high dose
for studies of behavior since this is at 2 level where
hypnotic effects begin %o appear and thus confound other
effects the drug may be having upon behavior, If all
chemlcal agents had characteristics similar to the three
drugs studied in the present project, chanpes in level of
performance are, for practical screering purposes, likely
to be rore sensitive measures of chemical effects than are
measures of intraindividual variability,

be Intraindividual %@%Z during a test
series, Another Kind ol intrain ) vETé'E%lIty Is
evidenced in corparisons of each subject's performance over
two or more test sescions. The present experiments were
designed to minimize this variability during the predrug
phases; this 1a what is meant by the f"stability" of the
bebavior patterns studied., Intraindividual variability
during a drug test series would be affected significantly
if the drug produced changes from the level of predrug
baseline performance, Clearly this is a description of the
sgme vhenomenon as that considered in the earlier discussion
of effects of drugs on level of performance. This being the
cagse, no useful purnose seems to be served by using both
tvpes of snalysis.

¢s Interindividual variatbility cduring test sessions.
Characteristically indivicnals (Jifer from each other in the
levels at which they perfor the same task, even when intra-
individual differences are minimized, It is possible that an
effect of the acministration of cherical arents is an alter~
ation in such interindivicual differences. The effect would
be evidenced by chanses in the spread of mean SERs for




individual subjects duringz the drug period as measured,

for example, by the marnmitude «f the stianderd deviations

at esach dose level., To teat the possitility that this
effect operated under the present experimental conditions,
standard deviations were conputed for performance at all

dose levels, usinr the standard per cent change frow predrug
bageline as the performance neasure, The results are
summarized in Tables 26 to 28, The simificance of the
difference betweer variance at any of the drug levels and
variance at the corresponding placebo levels may be tested
by comparing the two unbiased estimates of the population
variances as an F-ratio (Senders, 1958). When such ratios
were computed for the data in Tables 26 to 28, none was found
to approach significance in the Iibrium series. Some signi«
ficant chanpes were found in the pentobtarbital and ethanol
data, being concentrated in the period immediately following
drug administration and then at the high dose levels, In
these particular instances the drug is shown to have increased
the spread of differences between individual subjects, Such
an effect may be important in the sense that it may interfere
with, or "incapacitate”, the normal functional relations
among individuals in a worldng group, thus decreasing both
the quelity and gquantity of the groupts productivity.



s after Dose (mg/ig)
aduinietration
(Boure) Q 4y -1 ¥ 2

6.2 6.56 8.37 87 a1
9406 8.1 1.75 748 12,28
T8 9495 9.88 8.9 tae
1.00 0.9 146 S 922
6,00 846 Tah 648 10k
142 8.5 632 5.8 8ae
686 8.4 T.28 947 nxn

sg’o-lmup

1 mepresesd ae the stemdard devistion, o,




Takile 27

Stisightenay Evcaps Reepovries Bffects of dtal
on Interindividoal Veriability of mm
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6, Carry-over effects. The case was stated earlier for
the practIcal importance to a program for the screening of
chemical agents of the repeated vse of the same subjects
whenever possible; for all but the very simplest measures of
behavior the time and effort required to estatlish stable
baselines of performance are considerable, Repeated uses of
the same subjects does, however, introduce complications in
the interpretation of results, complications arising irom
carry-over effects.which may be based upon pharmacological,
biochemical, or behavioral factors,

Pharmacologically a chemical agent is considered t¢ have
a ",..curmlative action when its elimination and/or catabolism
are relatively slow and the full response is the result of the
sumation of 2 or wore doses (Krantz and Carr, 1961)", This
definition emphasizes the continuing presence in the body of
dose 1 when dose 2 is administered; carry-over effects are
due to interaction between the two doses.

Cumulative effects may also occur when the after-effects
of dose 1 on some hiochemical system in the body persists at
the tive dose 2 is administered, even thouch the drug in dose
1l is no longer present. The effects of reserpine on sero-
tonin and norepinephrine, persisting over days when the drug
itgelf is eliminated or catebolized in hours, is an example
(Russell et al, 1962),

In a third instance, carry-over effects way result from
the mere procedure of repeated measurements of the same
behavior pattern. The process of learning obviously involves
such effects, It is possible that performance after admin-
istration of a cherical arent may produce behavioral effects
which persist after the acent has teen completely eliminated
or metabolized, An experiment by Behar and Riopelle (1957)
11lustrates this possibility by demonstrating a persistent
retardation in the acquisition of a conditioned avoidance
response following a period of trials under the drug resurpine;
the authors supgest that ",...some new adaptive response seems
;Io"be acquired durine the drug phase which persists into Fhase
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The Latin square desims used in the present experiments
made it possible to caleulate suums of squares for successive
test series and frow this to determine significances of -
carry-over effects, Preliminary results using the return of
behavior measures to predrug baseline levels sugpested that
seven days constituted an adequate interdose interval to
protect against cerry-over effects, That return to baseline
performance level was in fact an inadequate criterion unon
which to base the decision is shown in Table 29, which
summarizes the pertinent parts of analyses of variance for
carry-over effects, Comparison of sums of squares for
successive administrations of the drugs, ™weeks", with the
proper error term, "error (b)", (Edwards, 1960) resulted in
significant F-ratios for two of the three experiments,
indicating that carry-over effects did occur during the
Librium and ethanol drug series but not during the pento-
barbital series,

What can be satd ahout the probable tases for the carry-
over effects? The nossibility that unusual behavioral "
effects produced durinr the drug test sessions persisted
after the aments were no longer nresent in the body seems an
unlikely candidate., The standard procedure for the present
experiments required sufficient predrug training to establish
stable baselines of performance. With these baselines as
bench marks it was possible to detertine whether particular
behavior patterns ¢id in fact return to baseline by the end

of the interdose intervals, Such return would be a contra=
indication to the possibility of persisting new responses of
the Behar-Riopells variety. Evidence was vresented earlier
that, following even the hishest drug doses, the SER recovered
to placebu-condition levels by L8 hours,

In order to test the possibilities that the carry-over
effects may be attributed to the persisting presence of the
drugs within the body or to effects of the drugs on biochemical
systems which take time to recover, informaticn is needed on
the time characteristics of drug atsorption-metabolism and
of chanres in blochemical systems affected., Th’s is one of
the reasons for including pharmscolegical studies in the
present project, The results of the studies are reported
in sectlon V below, where the question of the bases for the
carry-over effects will be discussed further,
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Table 29
Carry-Over Kffectss Smmary of Analyses of Wariance
for SER Experiments
Souros of Stm of Moun
Druy Series  Variaddon Squares d.f. Square r r
1adbrt Yest Series (Weeks) B8 4 BN 326 (&3
- iviy ~ M 2 2 <
N Pntchartital Test Serien (Weeks) €21.80 & 1547 139 ne
Error (b) SN 32 1M1B0
| Ethanol Teat Saries (Weeks) X690 L 9.7 3.20 (-08
. i Bvor (b) N840 32 2.7
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7+ Dose-order effects. It wight be expected that any
carry-ovey elfecis arising from the presence of a chemical
agent or from its after-effects on a tiochemical system(as)
would be some function of the dose levels involved, For
example, a high dose might be associrted with greater cumla-
tive effects than a low dose and/or with a longer duration
of cumulative effects. If this were the case, it would be a
reasonable hypothesis that carry-over effects, when present
during repeated drug administrations to the sams subjects,
might be some function of the sequence or order in which the
various doses were administered., For example, it might be
predicted that higher doses given early in a sequence would
show greater carry-over effects than:lower doses given early.

By using a Latin square research design involving
replication of the same square it was posgitle to isolate
8 sum of squares corresponding to the particular sequences
or orders of sdministration of the various doses employed,
Tds "orders" sum of squares could then be used to test
wheilicr the sequence of adrdnistration did in fact produce
signiificant effects upon the behavior petterns measured,
Table 30 summarizes the analyses of variance for the SER
measures at their peak effect times. In none of the three
experiments were the dose-order effects significant,

Summary. The experiments on the straightaway escape
response vere planned to exawine some of the btasic issues
vwhich affect behavioral screening prograns involving repeated
use of the same subjects., The results of the atudies are
summarized below. Three experiments were conducted; all used
rats as subjects. The chemical apents -used were Iibrium,
pentobartital and ethanol; all wece administered orally.

1. The SER was shown to be an easily-established
behavior pattern, which couvld be maintained at a hishly
stakrle taseline level following its acquisition, Vhen
affected by one of the chemical avents vsed in the present
project, the SER always underwent the same pattern of change,
consisting of a rapid decrement in the efficiency of the
reanonge; i,e.; slover responding,; followed by a wore gradual

avwcriiw vy mem sy SUnTo JSTIRIN LGy SRASDWCL B 2 e

recovery to predrug baseline levels,



Table 30
Dosa-Urder Effects: Summry of Analyses of Variance &
for SIR Experiments ‘
Source of Sum of Mean.
Drug Saries  Variation Squaves. dJd, Square 4 P i
Libriuvn Oxders 399.88 4 997 042 1w
Errox (.) 307.50 5 161.”
Error (a) 552,40 S 1108
Ethanol Orders 1,619,30 b LhOk83 100 us
Error (a) 1,832.70 3 3665
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2+ The marnitude of the chanpe at veak effect time was
found to be very simnificantly relsted to the dose of drg
sdministereds as dose level increased, decrements increased.
This relatirn opersted after a threshold for change in the
SER had been reached; below that threshold, changes in drug
dose level produced no effects on the response,

3+ For all three drugs studied, peak effects were
rapidly attained, i.e., in about one hour, after drug
administration, Above the threshold dose required to pro-
duce a change in the SER, the duration of the effects varied
systematically with the drug dose administered: duration
increased as dose level increased,

he A median behavioral dose, BD.., was determined for
each of the three drugs studied, A sﬁgtistical technique is
described for deciding whether or not a change in an individ-
uval subject's SER was "sigmificant", Using this definition,
dosage-response curves were plotted on log-protability
coordinates to determine the BDyn's, which were 9,0 mg/kg
f:;- Iibrium, 11.5 mg/kg for pentobarbital and 1.5 ml/kg for
ethanol.

5. Chemical agents may produce sicnificant changes in
the variability of performance as well as in the level of
performance, Two kinds of variatility were studied:

a. Intraindividual variability within single test
sessions showed significant drup effects only in the pento-
barbitel experiment and then only at high dose levels where
hypnotic effects of the drug may have been an important
influence.

be. Interindividual varistility within sing’e test
sessions is evidenced by chan~es 1n the standard deviation
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of the distribution of mean SER's for indivicual subjects.
In the present experiments such changes appeared as increases
in the spread of differences amone individual subjects.
Librium produced no such effects; some significant changes
were fourid in the pentobarbital and ethanol series, being
concentrated in the period immediately following drug
administration and then at the high dose level.

6, The research design used in the three experiments
was a 5 x 5 Latin square with two replications of the same
square, This design was selected in order to test its use~
fulness in identifying the occurrence of carry-over and
sequential effects in research involving repeated adminis-
tration of chemical apents to the same subjects,

The replicated lLatin square desirm made it possidle
to determine whether or not the order or sequence in which
the various levels of drug dose were administered had an
effect upon changes in the SER., o such effects were found
in any of the three experiments,

Carry-over effects from one drug administration to
another mey introduce complications in the interpretation
of results. This may be a chronic problem of considerable
practical importance in behavioral screening programs where
the same animals are used for extended periods of tiwe
during which drug administrations include not only different
doses of the same agent, but also agents with different
chemomorphologies, The present experiments demonstrated
that significant carry-over effects may or may not occur,
They were found during the lLibrium and ethanol series, but
not during the pentobarbital series, With adequate research
designs it is at least possible to determine whether such
effects have occurred in order that they mey be considered
in interpreting results obtained, even though they have not
been eliminated,
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B, Straipghtaway epnroach response (SAR)

The straightavay approach response, like the SER, is a
simple conditioned operant response, which is easily estab-
lished and is reletively stable once it has been acquired,
In contrast with the SER, it is an operant response motivated
by an appetitive drive, rather than a response to escape
from an aversive stimlus. Since behavior under these two
general types of motivation mey be affected differentially
by drug action, the SAR was included as amother measure in
the present battery of behavior tests,

Research design. Two SAR experiments were conducted,
each with a different research design and each involving
only one of the three prototype drugs,.

The first experiment employed a L x Li Latin square
Gesign with five replications of the same square, Each
replicetion required four animals, four drug series and four
dose levels, Xnimals were assirmed at random to the four
rows of the design. As in the SER experiments, the standard
interval between drug administrations was one week, Rats
were used as subjects and the effects of Librium at doses of
0, 4, 8, 16 mg/kg of body weight were studied.

The second experinent used a randomized groups design
(Edwards, 1960) in which n = 25 sutjects were assigned at
randon to k = 5 dose levels with five sutjects for each dose
level. Subjects within each dose grouvp were administered
their appropriate drug dose only once, The drug studied was
- pentobarbital sodium at dose levels of O, 5, 10, 20, and 40
mg/kge Apain, rats served as the subjects,

Subjecte. All subjects wers male white rats of the
Koltzman Albino stock, None had participated $n previous
experiments. All weighed between 330 and 430 grams. In
both studies they were randomly assigned to their respective
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treatment eroups in accordance with the requirements of the
research design., All were housed in seperate cages during
the axporimental period and had water available ad libitum.

Test situation. In general terms, the test situation
consisted of a simple straightaway comecting a starting box
and a food box, which the smimal had to traverse in order to
reach the food incentive. The straightaway was 5 2t, 10%
inches long, 3 3/4 inches wide and l inches high. Running
times were recorded automatically on 2 Standard Electric
timer calibrated in hundredths of seconds; the timer was
activated at the start of each run when the animal inter-
rupted a phototeam st the exit of the starting box and was
stopped by interruption of a photobeam at the sntrance to
the food box, At the beginning of each trial the experimenter
placed the animel in the starting box and released it for
the run by reising a door which separated the box from the
straightavay. The apparatus was located in its own experi-
mental room where illumination, awbient noise and other
distracting stimli could be controlled.

Procedure. The procedure consisted of four major
phases,

Since the SAR involved approach to food, a atandard food
deprivation schedule had to be imposed before the experimen-
tal trials began. This schedule is established in Phase 1.
After their arrival in the laboratory all animals were kept
on ad libitum feeding for 16 days., On the 17th, day adapta-
tion to the food deprivation schedule began with a 2L hour
period without food, The following day all animals were fed
twelve grans of food in the form of standard Wayne Blox for
rats. This contrnlled feeding continued at 2} hour intervals
for one week, Daily records were kept of each subject's
weight and of its food intake,
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Phase 2 consisted of preliminary training in the straight-
avay, which began on the day immediately following the end of
Phase 1, For the first two days each animal was taken from
its home cage and placed in the apparatus, being given two
mnutes of orientation each day in each third of the straight-
away. Training on the third day began bty putting each
animel ints the food box for 90 seconds, where it found a
supply of supar pellets of the kind to be used as reinforce-
ment durineg the later experimental trials, Sugar pellets
were used instead of the standard Wayme lab Blox because
rats do not satiate as rapidly with the former as with the
latter and tecause the former do not provide as strong
olfactory cues. After 90 seconds in the food box, each
animal was given five trials which began in the starting box
and ended with entry into the food box. A subject was
allowed to remain up to five wminutes in any one third of the
straichtaway, but was forced to move on after this maxisum
time, If after 15 mimutes entry into the food box had not
occurred, the animal was removed from the straightaway and
the next trial begun. When an aniral completed a trial within
this time 1imit, it was allowed 10 seconds in the food box.
After the five trials, which coustituted a test session, the
pellets remainming in the food box were weighed and the
animal returned t6 its home care, where it received regular
diet in the amount of 12 grams mimms the snount eaten in the
food box, This procedure was followed for 1l days.

Having shaped the SAR by this preliminary training
procecure, the task for Phase 3 was to estatlish stable
predrug baselines for the performance of each animal, The
standard procedure introduced in Phese 2 was followed: five
daily trials constituted a test session; these were run in
succession with a 10 second intertrial interval; food intake
was controlled as described in the preceeding paragreph, A
criterion for estarlishment of a gstable baseline was arbi-
trarily set: each animsl wes reguired to maintain a mean
time for the five trials of a test session which did not
vary more than 10 per cent during a period of six successive
days., There were indjvidual differerces in the amount of
trainine necessary tc achieve this eriterion. Theieflore,
each individual animal was moved to the next phase f tls
procedure on the cday following that on which it reacied the
criterion,
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Fhase h vas the drug phase, Drugs wery administered
"'ty intubation in accordance with the researc‘.x designs des=-
cribed earlier. The administiration was so pllammed in each
case that the first behavioral test session could begin 20 -
minutes later; standard test sessions were .then run at 2h
hotir intervals to a total of 1l hours, i.e., six days, thus
providine data for the study of time-response relations, In
the experiment involving the Latin square design, animals
received theiy mecond doscs of ITdbwinm on the seventh duy
and this weekly regimen continued until each animal had
received the four dose levels required, In the second
experiment, 211 data for the randomized groups design were
collected by the completion of the sixth dsy test session,

Results. The results cf applying these procedures were
nrovide information abtout several features of
drug-behavior interactions, For the analysis the conventional
procedure was followed of converting the raxv: time measures
to rate scores, the reciprocal of time,

1. Ster ilig of baseline performance., In order to use
each ani own conirol, 1t was necessary to establish
stable levels of predrug baseline performmce. Any changes
induced by administration of a drug could then be expressed
as a per cent of each subject'!s own taseline performance,

The first two colums in Table 31 present the means, %, and
standard deviations, s, for each of the 20 sutjects in the
first-librium-experiment, calculated from the performance
rates for the 30 trials of the six days immediately preceeding
the ﬁ.rst drug series, Table 32 gives couperable data for
the 25 inals participating in the second-pentobarbitale-
experiment,

As in the case of the SER, it would Ye expected that
the effects of the drugs at the present relatively low dose
levels would be evidenced a&s reversitle changes in any
behavior measure affected. To check on recovery, each
animalt's performance rates were couputed for the last two
test sessions of each of the Iibrium series. Thece data
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Streighteuay Approach Response: Baselins Nxformance levels
for Experiment 1 (Iibrium)
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Table 32

Streightawy oh Responset Predrug Anseline Performsnce
! for Experiment. 2 (Pentobhrtital)
Animal b s
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are reported in the last four colums of Table 313»

asterisks indicate those rates which fall beyond 7 2 standard
deviations from the means of the distritutions of predrug
baseline measures, It will be seen that the majority of

these perfoxmance rates did in fact return ts vredrug levels
vithin the six-day intertreatment periods, signmificant
differences occurring more frequently as the series progressed,
No comparable data are availsble for the pentobarbital exper-
iment since the randomized groups design called for only one
drug administration to each subject.

2, Dose-respoase relations. Table 33 presents the
basic data relating to dose-response relations for the
Iibrium experiment. Each number in the table is the mean
for the performance of 20 subjects calculated from the per
cent change from predrug baseline performance for each
indvidual animal, In this way the effect on the SAR of
each dose level of the drug was evaluated in terms of each
animal!s oun perforrance under non-drug conditions, The data

are plotted graphically in Figure5 .

Inspection of the table and fipgure suggest that admin-
istration of Librium resulted in decrewents of performance
which were related to the dose levels which produced them:
in general, as dose level increas-d, decrements increased,
although no clearly defined differences appeared at the 4

g and 8 mr/kg levels. The significance of this dnse-
responge relation at the peak effect time was tested by
analysis of variance and is given under "doses" in the summary
Table 3h. Drug effects at this interval after adminmistration
were hiphly sirmificant; therefore, further comparisons
amonpg the dose levels were made using t-tcets for correlated
observations, since the couparisons involved pairs of measure-
ments on the same sutjecte, Performances at all three dose
levels were found to be sipnificantly different (P <.01)
from the performance of the placebo group,
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Streightawsy Approsch Response: Rffects! of labriwm
on Ferformance level
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Table 3

Straightaway Approsch Response: Iibrium
Summary of Analysis of Varianos
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A different method oi znalysis was appropriate for
treating results of the second SAR experiwent, which employed
a randomized croups desien in which the subjects received
only one drug administration each. The mecan per cent baseline
performance levels for the O, 5, 10, 20 and LO mg/kg groups
were 119, 102, 79, L7 and 17, respectively, There are
obvious decrements in performance which appear to increase
systematically as dose level increases, The significance
of the decrements was calculated using analysis of variance
for the randomized groups design; the result was the highly
significant F-ratio shown under "B, Pentobarbital" in Table
35, The table also summarizes the results of treating the
data from the first tert series of the Librivm experiment
as if it were an independent randomized grcups design.

Apgein the dose effects were found to be significant, & finding
confirming the results of the more elaborate latin square
analysis reported in the preseeding paregraph.

3. TMme-resnonse relations. To study the time course
of a particular drug-behevior interaction requires repeated
measurements of the behavior at a number of intervals follow-
ing administration of the drug, It is important that several
of the measurements be made at times when the process of
sbsorption and metabolism of the drug is undergoing its major
changes, Vhen the process is a rapld one, it is necessary
to schiedule several test sessions within a period of less
than 24 hours, as, for example, in the SER experiments des-
crited earlier, Under these circumstances a technical
problem arises when the motivation used in generating the
T2hovior pattern measured is a drive which is satisted by
ve* “orcement of the behavior, e.g., hunger or thirst; the
e tor is altered with repeated reinforcements and these
mot: sational changes confound effecta which way be producec
by the drug, This was a serious problem in the present
experiments, where several of the behavior patterns considered
important to study were dependent upon satiable appetitive
drives,

Cne solution to the problem requires the introduction
into the research design of an additional independent variabla:

s b S A P



Tabie 35

Streightasy Approsch Response: Randomized Oroups Deeign

Suszary of Anelyeis of Varianoe

Souroe of Sur of Mean
Variation Squares dls Square
A, Iibrimm
Dose 12,253.75 3 L:,08..58
Error 15.,953,20 15 997 .08
Total 28,206.95 19

B, Pentobarbital

Dose 34,07k 454 L 8,518,566
Error 6,308,20 20 nsJda

Total 140,382 .81 2
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time after drug administration when the first meastremsnts

of bLehavior are made, By using several *iwes, relations
bstwoen phermacologioal chances within the body and changes
in behavior ney be mapped. But to carry out swh a

either requires additional sroups of subjecis or additiasnal
test sessions for the same subjects, in both instances
increasing considerebly the time and level of effort involved
in completingz each experiwent,

This presxzble explains why, in the present SAR experi-
mnts, time-responss relations can be described oniy in
approximate terms, Takle 36 summarizes the awvailable infor-
mtion, BEach duration in the table was obtained by deter-
mining the test session at which differencea betwesn measures
under a prrticular drug condition and measures for its
corresponding placebo condition ceased to be significant;
sipnificances wsre computed using t-testa for correlated
cbservations (Edvards, 1958), As in the case of the SER,
the pe:k effect time was reached very rapidly after adwinis-
tration of Librium at 2l) dose levels, Differences between
the drug and placebo groups disappeared withiy 2l hours.

Ora discrepancy between the SER and SAR appeara at the 16
ng/xg dose where the SAR recovered more rapidly than the

SER, which did not return to the placebo group's level of
perforuence until after 2 hours,

Lo Median behavioral dose, Data from wirich to determine
:gg'a for the JAR experiment are not as complete as is
asary for reliable celculations, More points are nesded

bhetween the O and 100 per cent levels on the response dimen-

sion, To obtain roush amd very tentative approximations,

the log=probit method used in treating tho SER data was

applied to the reaulta of the Iibrium experiment, giving a
of 7.7 mg/kp. No approximation car be made for the
barbital results,




Table 36

Stredghtavay Approach Respossas Reek Affevt Vimws -
and Durations of Bffects, Iibriwm

dse (re/kg) Peak Effect Time' Doration of Effoctes
0

k 20 {a
8 20 {2
16 20 "

1 Minutes after drug administration.

2 Hours until return to baseline performance levels,
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5. Interindividusl vari during tent asasicna.
Individuels di¥far Trom other in the levels at which
they perform “he sams tasks. Thiis interindividusl variability
way b» effected by chomical agents, effects being evidunced
as ochanges in the sprwed of performence weasures during the
drug period, To teat the possibility that such an offuct
wight have operated under tho present exnerimentsl conditiona,
standard deviations were computed for parformance &t sll dose
levels; using the standard per cent chanpe {y»n predrug
bageline as the performance usasure, The results are sumar-
ised in Teble 37. The table presents inforwation for the
libriue expsriment only, eince the randomised groups design
of the pentobarbital expsriment did not provide measuas of
btehavior from the same shimels at all dose lsvels.

The significance of the difference between variamm at
any of the drug levela and varince at the corresponding
placeto level may be teeted Ly comparing the unbiased esti-
wates of the population variances as en F-ratic (Senders,
1958). When such retios were somputed for the data in Tedble
37, it was clear that the incressss in interindividual
variability during the first two test sessions, 20 minutes
&nd 24 hours, after administration of the drug were highly
significant, &)1 P-ratios baing well beyond the 05 level
of confidence,

6. -gver effects, The latin squars design used
in the LiBrium experiment made it possible to test tor the
significance of any oarxy-over effecta, OConparison of sume
of squares for succaasive administratione of the drug with
the proper srror term resulted in an Feratio sipnifioant at
better than the ,05 level of conlidence, indlcating that
carry-over effects did occour. The data from this anelysis
of variance are summarized under "weeks" in Table 3. The
presence of cerry-over effects in this librium series
involving the SAR corresponds to similar effects for the
aotion of Iibrium on %he SER,




Straightaway Approach Response:
on Interindvidual Variability of Performen

Time after
admninistration
(itours)
20 minutes
.
L8
T
%
120

1}

Table 27

0

9.70
1.53
1201
2L 496
18.92
18,60
16,19

Dose (mg/%g)

L
30,942
20,20°
17.52
15.81
16,52
16,22
1,53

1 pypressed ss standard deviations, s,

30.112
214 (007
25 .90°
19.92
22,3
1949
18,03

Effects of Libriwm

25 0%
23,262
17.6
12,12
13.L9
17,97
18,76

? sigmificant at P = ,05 or better when compared with the
variance of the corresponding placebo group,
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7. Dose-ordsr effects, The research desim for the
pressnt 1Ibriulm experiment also provided data from which to
deternine effects, if any, on the level of SAR performance
of the particular sequences or orders in which the drug was
rduinistered, Analysis of variance was used to test this
possibdlity, the results of the test being summarized under
"ordors" in Teble 3h. It will be seen that the Peratio
obtained was not significant,

Sumary, The resultes of the two SAR experiments supple-
ment those of the SER studies, The main issues on which
they contribute information are summarised briefly in the
following peragraphs. Rats were uard as subjects in both
SAR experiwents, One experiment ewployed a | x 4 Latdn
aquare design with five replications of the same square;
the other was a simple randomised groups design involving
five dose rroups with five subjeots per croup, Tho former
studied offects of Tibrium on the SAR; the latter, the
effedts of pentobarbitml, The drugs were administered
orally.

1, Although it involved a different form of motivation,
the SAR had basic characteristics in common with the SER,
It was easily established and remained at a very stsble level
of performanos once it was aoquired, When affected sipni-
ficantly following administration of a drug, it underwent a
reversible change, recovery eventually reaching or approxi-
mating predrug taseline levela, In both experimenta changes
were in the direction of slower response times,

2. The mesnitudes of the decresents in perforwmoe were
related to level of drug dose acministered, the trend being
for deciements to increase as dose lewe) increased. Statis-
tiocal tasts at each drug's reak effect tirm showed the
decrements to be very siguificantly different (P ¢ ,01)
frow the performence level of the corresponding placebo
gouy,

s e— — [EST——-—




N

3. The SAR illustrates a kind of liuitation imposed
on the study of time-response relations when appetitive
drives provide the motivation required to generate the
behavior under observation., Repeated measures of performance
are required at intervals during the period when the absorp-
tion-metabolism of the drug is undergoing its mejor change,
This usvally means scheduling several test sessions within
a period of less than 2 hours, This raises a technical
problem since the drive is satiated at least to some extint
during each test session and may not have returned to its
standard controlled level before the next session, Under
these circumstances, measures of behavior may reflect changes
in motivation as well as drug effects, There are solutions
to this problem, but they involve additional groups of sub-
Jects or acditional test sessions, both of whirch increase
significantly the level of effort required for completion
of an experiment,

In the present experiments time-response relations could
be described only in approximate terms, They did show,
however, that peak effect times for btoth drugs were reached
very rapidly and all behavioral effects had disappeared by
the end of 2L hours after administration, At the highest
Librium dose level the SAR recovered more rapidly than the
SZR.

4. Only a very tentative approximation could be made
of the By for librium. The value, 7.7 mg/kg, differed in
magnitude grom the BDzo of 9.0 pe/kg for the SER, However,
the tentative nature o? the former provides no means oi
determining whether or not the difference is significant,

5. Iibrivm had the effect of significantly increasing
interindividual variability of SAR performance at the 20
minute and 24 hour test sessions following drug aduinistra-
tion. This is another difference in that drug's effects on
the SAR and the SER, the latter showing no significant
effects of this kind,
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6. Carry-over effects from one drug administration to
another were significant (P 7.05), as they were in the
experiment on SER,

7. No significant effects were found of the particular
order or sequence in which the various doses of Librium were
administered,

8. The experiments provided information about the
usefulness of the two research designs employed,

a. The presence of significant carry-over effects
in the Iibrium experiment emphasizes, as did similar effects
in the SER studies, one of the majcr problems in repeated
observations using the same subjects. The randomized groups
deslgn removes any possibtility of carry-over effects, since
each subject receives only one drug administration. But
this design raises very practical problems of the level of
effort required to obtain as much information as the Latin
square design provides at a lower cost; some kinds of
informotion provided by the latter desipn cannot be obtained
with the former, but this is informetion about interaction
effects the presence of which complicates interpretation of
results,

The enalysis of the Librium date 1llustrates a
possible way of combining the two types of an2lysis in one
experiment, By replicating the Latin square design, the
first drug series provides data from animals assigned at
randon to the several drug levels. Operationally this series
is analogous to a randomized groups design. In the present
Librium experiment five animals were assigned randonly to
four dose levels, or groups, for the first test series;
treatments of the animals in the second and subsequent test
serias were, of course, restricted by the requirements >f the
Latin squere. Vhen the results of the experiment were
analyzed first as a Latin square design and later as a
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randomized groups design the dose-reaponse relations in both
cases were found to be significant, thus corroborating each
other,

As was pointed out earlier when the general topic
of research design was under discussion, the randomized
groups design is less "iffy" than the Latin square design,
where significant interactions may confound the results,
However, when repeated measures on the same subjects is
deemed to be a practical necessity, the Latin square design
does provide information as Ho whether or not significant
interactions have occurred,

be Both research designs in the SAR experiments
demonstrated one weakness vhich deserves attention. In
neither case were the numbers of nroups or dose levels
sufficiently large to provide adequate data for computing
BD; g, Had it been possible to follow up these pilot
atugies s fuller coverage would have been incorporated of
the dose range between the noint where no subjects were
significantly affected ty the drug and the pofnt where 100
per cent were affected. This is a point to be considered
during the preliminary studies leading to a final decision
on the dose levels to te used in studying a new agent.
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P. Fixederatio opsrant response (FRyy) .

The project!s Report #1 described the desirability of
including a wide range of behavior petterns in any behavioral
soveening progran, The methodology of operant conditiordng
can be applied at many points in this renge; the litereture
in paychopharmacclogy testifies to its wid» application in
research or drug-behavior interactions (e.g., Otis and
Bosley, 1960). Sidman (1962) has descaibed sows of ite

advantages as followst

"It obtains its data frow the individual; it uses
the individual as his own control; it evaluates
data in terws of its replicability and utility;
1% uses tschniques that have spssics generality;
it examines instanoces of varisbility.®

The SER and SAR described above are examples of wery vimple
operant responses, Ibv the present project the basic method
ology of operant conditioning was also employed in experi-
nente desicned to study wore complex bshavior pattema,

Three of these were treditional lever-pressine responses
perforwmed under different reinforcemsnt schedules. The
present section describes tmo experiments in which the effects
of Librium and pentobarbital on a fixed rativ operant reaponse
wore studied; the next section of the report will describe
studies involving variable interval reinforcement and the
following section, a pilot study of differential reinforcemsnt
at low retes, Rate served as subjects in all experiments,

Research desigsn. Both experimente employed latin
square desimme. neither case was there sufficisent time
to replicate the design.

The 1abdrium evperiment used & L x L latin square with
four animals, four drug series and four

wore asgipned at rendom to the four rowe
standerd interval between drn! sdwinistrations wes one weak,
The doee levels weret O, )i, 8 and

S P
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The pentobarbital study followed a2 3 x 3 Latin square
design with three animals, three drug series and three dose
levels., The doses used were: O, 20 and 30 mg/kg. All
other features of the research design were the same as those
in the Iibrium experiment.

Subjects. Four subjects participated in the Iibrium
series an Tree, in the pentobarbiital series, All were male
white rats of the Holtzman Albino.stock, None had partici-
pated in previcus experiments. In both studies they were
randomly assigned to their respective treatment groups in
accordance with the requirements of the research design.

A1l were housed in separate cages dvring the experimentel
period and had water available ad libitum,

Test situation. In the FR situstion the subject is
requiTed to respond a fixed number of times for each rein-
forcement, Attaining reinforcement is, therefore, "response
contingent" in the sense that it depends upon the subject's
own behavior, Characteristically, if the subject does not
respond at close to his maxirmm rate, he does not respond at
all., This is a kind of situation which occurs very frequently
in the courae of human behavior,

The general test situation has been so fully described
so often in the literature that it is necessary only to call
attention briefly to its main features from the point of
view of the present experiments, The apparatus used was a
standard Skinner-type of operant conditioning box censtructed
to Dr. C.B. Ferster's specifications (Ferster and Skinner,
1957) by technicians in his laboratory. A food pellet cup
wvas placed immediately heneath a t-shaped lever extending
from one wall of the rox. An automatically programmed food
magazine was located in a separate compsrtment, The pro-
gramming rack containing relays, timers, power supplies, etc,
necessary for controlling and programming the experimental
procedure was kept in a separate room. The sound-deadering
of the box and its location in a separate experimental room
made it possible to control ambient noise, illumiration and
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other distrecting stimulli, A cumlative recorder kept a
graphic record of all responses; they were 81so monitored
on electric cownters,

Procedure, The procedure consisted of four successive
phaseg, 1The Tirst phese involved estatlishing a controlled
feedinz schedule, The animals were first deprived of food
and then brousht to and meinteined at 70 per cent of their
ad libitum body weights. A1l were weighed and fed daily.
fBen the FR training began, they were fed only after comble=-
tion of the day's trials; the food svailable was deteruined
for each animal by the amount necessary to maintain its body
weight at the 70 per cent level,

The second phase centered upon shaping the leverw
pressing response. The shaping process used procedures
standard in operant conditioning methodology (Ferster and

Sld.nner, 1957 ) .

After the animals hed learned to press the lever, they
were put on an FR schedule of 11 responses per reinforcement,
the ratio being clwezn srhivwam iz fram anwamal «lich had
been used successfully in other studies. 2 dayls test
session consisted of 550 resvonses, the main measure of
behavior being the time taken to complete this total, This
procedure was followed in Fhase 3 until each animal had
established a stshle response rate, the criterion being
variability of not more than 10 per cent during a period of
five successive days,

The drug phase beran on the day after each animal
reached this criterion. Drugs were administered in accordance
with the research designs described earlier., All doses were
administered orally hy intubation, Administration was planned
go that the first behavioral test gession could begin one
hour later in the Librium experiment and 20 minutes later in
the pentobarbital study. Standard test sessions were then
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run at 2L hour intervals to a total of ikl hours, providing
data for the study of time-response relations, All animals
received their second doses on the seventh dsy and this
weekly regimen contimed until each anima]l hsd completed the
nueber of drug series required.

Results, For purposes of analysis, raw time measures
were converted to rate scores, the reciprocal of time, Each
subject was used 28 his ovn control, changes in responses
during the drug series teing expressed as per cents of each
subject's own predrug baseline performance.

1, Stability of baseline performance. The stability
of the eline performance for eech snimal in the
two FRyy experiments is shown in Table 38, The means, %,
and standard deviations, s, are based upon rates of responding
during the last six test sessions preceeding the first drug
admirmlatration, The standard deviations indicate that the
variability of respecnding during this period was small,
Undoubtedly even this smell intraindivideal variebility
could have been brought closer to zero with further prelimin-
sry training. The practical question of relation between
amount of extended effort and gain in the analysis of the
resuits entered here and the criterion for stability des-
cribed earlier was esteblished,

To check on the maintenance of these predrug baseline
levels during the d rug series, esch animel's rates were
computed for the last two days, i.e., test sessions, of each
week during the drug phase of the experiments. The resuvlts
of experiments on other forms of behavior had shown recovery
to be complete within 16 hours following administration of
aven the heaviest drug doses, It will be seen in Table 38
that, in all but one instance, performance on the last two
days of each Librium series did not differ significantly
fronm predrug baselines, i.e., was within * 2 standard devia-
tions of the predrig mean. The mumber of deviations was
greater for the pentobarbital series,



Tatle 38 :
Fyy,Operant Reeponees Beseline Ferformnos levels )
Mte! 3
Spedhug A% Drug Series (librium)
w2 £ s L 2 2
1 oQ0o 003 0.2 043 05 0.3 _
2 061 002 058 062 057 03 .
3y ok2 0,03 ol7 oJLi8 08 02
L 052 003 o5 0,52 0.2 o8
Rate!
Predrag Drug Series (Pentobarbital)’
L S l 2 2

1 00 o0.02 00 0.J1% 0.5
2 0S5k 0.0} OJise e 0,53
3 o049 ¢.0) 0.53 O 047

11/tim to make S5O resnonses.
2 wunad upor the last six predrug test ssssions.

) maed vpon the last two test sessions of each drug series,
a

Byood ¢ 2 standard devistions af predrug mean.




Figure 6, Fixed Ratioc Operant Response (FRy;): Librius.
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Figure 7, Fixed Ratio Oparant Response (¥R)4): Fentobarbital,
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2, Dose-response relations. Tablec 39 and LO present
the relatIve levels of performance st each test gession after

admimistration of the varioue doses of Iibrium and pento-
barbtital, respectively. Each number in Table 39 is the meen
for the performance of four animals and in Table 4O, the
performance of three, Each was calculatfd from the per ocent
change from predrug baseline perforsmnce for each individual
arimal; in this way, the drug effecte are evaluated in terms
of each animl’s ovn performance under non-drug conditions,

Inepection of Tebles 39 and 4O sugzest that both drugs {
hed affects upon the responss in the direction of an ,‘
inoresrs in time to perform the standsrd 550 responses as

drug dose Jevel increased. The aignificances of thess drug

effects at peak effect times wers tested in the analyses of

vari snce summarised in Tebles Ll and L42; in the tadble drug

sffects ave shown under "dosee", The F.ratio for the libtrium

data was found to be significant at better than the 05

level of confidence, The corresponding F-ratic for the

poritobarbital data was not significent, probably becauvee of

the small number of cases irvolved and, hence, the very

restricted nuwber of deprees of freedon svaileble for the

evaluetion. Unfortunately, a repliication of the Gesign was

not possible within the time limits of the project.

3. Mme-response reluticns. Tablee 39 and 4O provide
information on time-response, aa well as doge-response,
relations curing the six days following drug adwinistration.
In hoth instances ths menersl tyends are siwdlar in shaps to
those charstterizing the effeots of the {wo druje on other
forme of bshavior already dezoribed: deoremmnts in per-
formance developed very quickly aftsr dmg sdministration,
probably reschinn peak effects in one hour or less, and were
followed by a more gradual recovery to approximstely predrug f
bageline levels, The duration of the effect, defined in |
terws of hours a’ter adwinistration needed for significant
differences from placedo baseline lavels to dissppear, was
longer for ldbriwm than for pantobarbital, the latter
terwinating in 2L hours or lese and the forwer 4in 24 to L

ek ot A N
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Table 39

Mixed Ratio Cperant Responsss Erfoctal of Iibrimm
on Ferformmos level

1 Expressed as par cent of

ot g AT e L L

.&msmm Dose (ne/xe)
(Kours) 9 4 8 b
1 100 90 S0 3
2 104 101 100 m
L8 108 106 106 98
T2 105 109 109 200
’ 96 109 108 95 101
120 103 106 103 104
111 103 103 104 10k

predrug bescline performence,
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Teble L0

Fized Ratio Operent Response: Effects® of Pentobartdtal
on Perforwance level

el e (e
(Hours) 0 n X
20 winutes 102 50 W6
2k 96 9 101
L8 99 " 95
T 104 9% 9
9% 1?2 % 100
129 102 (" %
101 110 9% 99

1 Expresscd as per cent of predrug bazeline performnoce.

i
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Teble L1
FRyy Operent Responses Librium

Sumary of Analysis of Varianoce

S of Mean
Squares d.f, Square

3,690.50 1,230,17
766 .50 255.50

3
3

321,50 é 53.58
15

6,307,00

r »
951 L0025
22,96 {008
LT L 08




Table L2
¥R)] Operent Response: Pontobarbital
Sumeary of Analysis of Varisnce

Sum of Mean
Squares dofe Square

5,888.22 2,94 .21

1,120,2 560.11
3,139.55 1,569.78
3,296.2) 1,648.12

13,44 .22
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Le Varisbility of performance. Data on interindividual
variability of pergorﬁihce are presented in Tables 43 and Lk
for the Iibrium and pentobarbital experiments, respectively.
The usefulness of these data is questionable, since they are
based upon such small samples of subjects, However, the
analysis of variance for the Iibrium data, summarized in
Table L1, indicated that significant interindividual differw
ences did exist at the peak effect time, the "subjects"
source of variance being associated with a "P' of about .05.
When this fact is considered in examining Table L3, the
standard deviations for the one-hour test session appear to
have been increased under drug conditions, although there is
ro clear relstion to dose levels, The data for the pento-
barbital series are too scanty to warrant any speculation,
despite what appears to be a very marked increase in varia-
bility with increasing dasc level at the 20 minute test
session,

5. Carrv-over effects, The Latin square design used
in the LibrIum study provided sufficient data for testing
the possible sienificance of carry-over effects. It will
be seen from Table 41 that the P~ratio for "weeks" was highly
simificant, This finding fits well into the reneral
pattern for Librium which also chowed significant carry-over
effects in experiments on the SER and SAR. Although any
conclusion from the FR1 pentobarbital series must remain
tentative uhtil more su%jects have been studied, it is of
intereat to note the apperent lack of carry-over effects in
both the FRyq and SER experiments, Data on the former are
summarized in Table 42,

Sum o The results of these two Pilot studies may be
sunmarized briefly. Both experivents used rats as subjects,
one in siudyiny effects of Librium on the FR operant response
and the other, effects of pentobarbital., The drugs were
administered by intubation: Librium in doses of 0, L, 8 and
16 mg/ke and pentoharbital in doses of O, 20 and 30 mg/kg.
Both studies employed Latin square desiens; time limits of
the project did not permit replications of either desien,
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Table 43

Mxed Ratic Operant Response: Effects of Idbrli-
on Interindividual Variability of Performance

Time after Dose (mg/kg)
adeinistration
(Hours) 0 4 8 16
1 8.06 26,08 18,28 22,65
2L 894 8.19 3.6 5.7h
L8 8.L3 3.32 3.00 10,27
T 9 .80 10,68 9.38 6.0
9% 9.3 10,0 25,55 11,70
120 15,78 14.25 9400 LobT?
Uy Tah 566 6.32 592

1 Expressed as standard deviations, s.
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Table Lk

Mixed Ratio Operent Response: Rffects of l’bntob::{im
on Interindividual Variability of Performan

Workebei Pooe (ee/a)
(Hours) Q 2 b
20 minutes h.58 21,2 5750
24 7421 3.61 10.5%:
L8 9420 11,58 €0
7 L.00 10,68 8.3
96 18,00 8,00 3.00
120 k%) § 17.09 6.93
by 9417 2.5 Lk b

1 Expressed as standard deviations, s,
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1, The FR situation provides an opportunity to study .
effects of drugs on behavior in which reinforoewent is
“"rasponss continpent", 1.s,, attaining reinforcement depends
upon the subjeot's own behavior, The standard procedure for
establishing the response provided very stable predrug
baselinss of performance once the response wes soquired,

2. One of the effects of both drues appeared to be
evidenced in an incresse in time two perform the standard
mumber of resvonges as drug dose level increased, Analyses
of variance showed the effect to de significant in the
Iibrium data and not in the pentobardital series, probadly
beosise of the small sample in the latter study.

3. Tme-response relations tocik the familiar form in
which decrements in performance devsloped rapidly, probably
reacning peak sffect times in ore hour or less, and ware
followed by more gradual recivery., BRecovery required a longer
time, 2L to LB houvs, sfter sdminisication of Lidrium than
after pentobarbital, within 24 hours,

L. The usefullness of dats about 1nterindivicual
variadilily of performance is questinnabdle pecauss of the :
small sample of subjects studied. Analysis of wariance af
the Librium cata showed eignificant "subjecta” veriance at
s peak effect time, which may de accounted for in terws
of & iverease in variability under the drug conditions,

Se Simnificant carry-over sffects were founa in the '
Librium sertes, correaponding to similar effects of that ’
drug on the SER znd SAR,

6. The rosults of the two experiments demonstreted
that studies of dzug efecta using unreplionted latin equare
designe us liwited ae L x 4 can nrovide statistioslly
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mignificant results. In experiments reported so fir such
designs have ranged from 3 x 3 to 5 x 5; replieaticna have
ranged from none to five, Although the more limitel designs
may produce sowe useful informetion, it is clear that they
do not provide sufficient data for such analyses as iog=
probit determinations of Higo's.
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G, Variable interval operant response (V1) and conditioned
emotional response (CER).

The fact that normal behavior patterns msy be disrupted
or interferred with by emotional disturbances is 2 common
observetion in everyday life, The enhancement of sich dis-
turbances would be a useful property for an incapacitating
chemicel agent.,

During the past several years, considerable attention
has been riven to the development of experimental techniques
by which the effects of a “controlled' emotional response on
some other ongoing behavior may be studied. One of the most
frequently used techniques involves superimposing a "condi-
tioned emotional response" (CER) upon some cther form of
behavior, e.g., lever-pressing behavior, Using lever=pressing
as an example, the technique may be described as involving
the following successive phases. The lever-pressing response
is reinforced on & variable~intermal schedule until response
rates have statilized., Next a CER is superimposed upon the
lever-pressing behavior by presenting an auvflitory stimulus at
regular intervals and for fixed durations during a lever-
pressing session, the stimulus terminating with a brief,
painful electric shock to the animal's feet, After several
cessions with shock following every presentation of the
auditory stimulus, the schedule is chanped so that shock
occurs only occasionally after termination of the stimulus,
The CER resulting from this training is characterized by
suppression of lever-pressing, crouching, defecation, and
immobility. With sufficient training, the ratio of number
of lever resronses during CER periods to the number of
lever responses when the CER is not superimposed remains
stable, Studies have shown differential effects of different
chemical avents upon the suppression of a normal behavior
pabtern by the CER (Hunt, 1960), The CER was included as
one of the behavior patterns to be studied in the present
project,

Since the procedure for measuring the conditioned
suppression involved establishing and recording a lever=-
pressing recpense reinforced on a variable-interval schedule,
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each expsrimeht could provide information about the effec
of a drag on the VI opersnt response as well as on the (ER
Sidman (3960) has pointed out that, if the VI scheduls is
proparly couetructed, subjects will respond at steady rete
and performance will be sensitive to many experimen‘al
mnipulations, e.2., drug adwinistretion.

ﬁ d.ﬁdl% Tvo pilot Gtudies were oconducted, one
involving nistration of Iibrium and the other, pento-
barbital, Both used 3 x 3 Latin squars research designs,
with no replications. Each study required three animals,
thrse drug series and three dose levels, Rats served as
subjecta, teing assigned at rendom to the thres rows of the
design, ‘e standard intertreatment interval was one week;
one tast session was given cach day,

Teat situation. The general requiremsnts for the test
sitralion were described in the introduction to this section.
Both the VI operent responte and the CER were established
and wmeasured durine drug treatsents in the sams Sidnner-
Wyre box used in the experiments. The ooly sdditions
to ths apperetus vere o0 needed for establishment of the
CER, 1.0,, 8 controlled shock to the erid floor of the box .
and a contralled clioking sound, The shock wes produced bty
8 Siddons shock generator calitrated in the low milliampere
range which passed current thruugh a etandard scrashler to
ths rrid floor, The auditory stimulus was fed into a loude
speskur, located {n the dax, by & tremeistorised sQuare wawe
mnwl‘.

Subjects. Six male vhite rats of the Holtstmn Albine :
atoek uk a8 suhjocts, three in each experiment. They '
had not parsicipated in any previous studies, ALl were :
housed 1n individual cares durine their verticipation in the

exparinents. They were watered ad 1ibitum in their howe

canes .

-
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Prooedure. Sinca food-hunzer served as the form of
motivation in both studies, Phese 1 of the procedure was
devoted to ostablishing a controllad feeding schedule, The
animals were first deprived of food and then brought %c end
maintained at 70 per cent ol their ad libitum body -weight,
A1l were weighed daily and were fed In their home cages
after completion of a day's test session. The wmount of
tood meds available was that necessary to maintain body
weight at the 70 per cent level,

Phase 2 conmisted of shaping the lever-pressing response
and then training each animal on a one~minute VI schedule,
Pifty reinforcements were given during a day's test sesaion,
This training continued until a steady response rate had been
established to the critarior. of 10 per cent or less varia-
bllity for a period of five succeseive days,.

Training of the CER began the day after this criterion
was reached, The exiating VI, schecdule was divided into
10-mimata units and the oclickér-shock combination introduced
durirg the last three minutes of each unjt, so that the
clicker sounded for the full thres mirnics and was termdnated
ty a half-second of shocke Dirine the first CER zession a
shock level of 0,2 m.a, was used, Each succeeding day the
level was raised by 0.2 m.a, until & 1,0 n.a, lavel was
reached at the end of five days. This shock level was
maintained throupghout the remsinder of ths experiment,

Tee final phase of each study involved administration
of the various drug doses in accordaice with the requirements
of the research design, The dose levels for librium were O,
8 and 16 mg/kg abd for pentobarbital, O, 10 and 20 mg/kg.
Al doses were administered orally ty intubation. The
Iibriun doses vers given one hour before the fire: teat
session and the pentobarbital doses, 20 minutes in advanve,

provuvp
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Results, The standard measure for the VIl response was
the rate of responding during the sevenwminute periods when
no clicker was sounding. The measure of CER was expressed
as 2 ratio between rates of responding during the clicker
and the non-¢licker periods,

1. Stability of baseline ?rformanee. Table 45 cun-

taing the means, X, and stan ations, s, of predrug
VI-_,_ response levels for each of tlie three subjects
participating in the two studies; Table LS presents analogous
data for the CRR., Two features of the information in the
tables deserve particular attention, One is the wide inter-
individval differences which are clearly apparent in both
the VI, and CER measures, Other experimenters have reported
such interindividual differences in response retes, but have
foudd the rate to be steady during a test session and to be
"relatively consistent during many successive experimental
periods (Sidman, 1962)", The standard deviations, s, in
Tables L5 and L6 indicate that this "relative" consistency
characterized the predrug performance rates of some but not
all of the present subjects: rates were steady during a
test session, but, in some cases, tended to vary from
session to session, It appears that the criterion for
stable predrug baseline performance should have been a more
gtringent one,

The second feature deserving some special attention
from the methodological point of view is illugtrated by
animal no, 1 of the Iibrium series in Table L6, This
animal's mean predrug CER of 167 indicates that its rate of
responding during the clicker~shock period was hipher than
it was during the period when the clicker was not sounding,
i.e., the opposite of conditioned suppression occurred, This
particuler animal went throvgh his life in the present study
in this consistently "euphoric" mamner. This and other
instances in which it proved difficult to establish a stable
CER appear to indicate that the response, at least during

ts acquisition, is sensitive to several major parameters
of the test situation and that an experimenter may have to
be "artful" in finding the hest values for each parameter
vhen conditionins different animals,



Table 45

VI1 Operant Response: Predrup Baseline Performance ievels

A, ILibrium
z
5.0
21,0
17.7

B, Pentobarbital
X
1542
L.7
94




Table 46

Conditioned Bmotional Response: Predmug Buselin
Performance levels
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26 ag effects, Oross inspection of ths data obtained
during the drug oeries failed to show any such clearly
discernible drug effects as had been readily peroeived with
other forme of behavior., Despits ssvere limitations imposed
by the vory rcatricted dogrees of freedom, 1,00, dJf, = 2,
availsble with tho present reeearch desimm and sawpls dse,
analyses of variances were carried out for the VI, and (BR
data, The recults of these analyses are summari in
Tables L7 and 48, Thers were no sigmificant F-ratios in
either analysis; therefore, the data were not examined
X Te

Summary. Both the VI and CER eve tehavior patterme which
would appear a ori to be prime candidates for inclusion
in a behaviorel ning battery. The present pilot studies
served a useful purpose, despite their failure to turn up
any f£im results, Other experimentsrs have also reported
puoblems in establishing stable CER's in rets; suoh appears

to depend upon spweific detaile of technique, e.g., indtial
shoek intensity, oriterion for stability of CER, etc, Had
tims perwitied the cunduct of another CER study, the pro-
oedures used !n the present expsriments would have bteen
nodified in soms details and the criterion for a steble pre-
drug beseline would have deen mede more rigorous,




Table 47
VII Operant Response
Swwery of Analysis of Variance

Sug of Msan
Squares def, Square

A . mbﬂ\‘
12,004,.22 26,0071
L&, 706 ,89 22,853 15

2
22,721,855 2 11,110,78
17,061,56 2

8’ 5” 076

97,024,22 8

B Pentobarbital
-1,L32.89
80,89
1,536.23
709.55

3,759.56




Table L8
Conditioned Bmotional Response
Suwmary of Analysis of Variance

Sum of Msan
Squares Square

A,
77089

1,638,22

3,968.22
214,89

6,5%.22

k,730.89 2,658
L,8L2.89 2,421 LS
6,500,22 3,2%.41
1,238.2? s15.11

17,312,22
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H,. Timing behavior (DRL)

An inddvidual!s controi over his own behavior is often
based upon his ability to respond at proper time intervals,
@.8+, he must be able to delay his response for a specific
period of time i1f he is to perform adequately, Studies of
delayed responses have received particular attention from
comparative psychologists as a means of investigating experi-
mentally the "higher mental processes (Stone, 1951)." The
assumption is made that delayed responses involve the use of
some representational factor, that temporal delays require
soms symbolic process since no immediate environmental- cues
are available upon which to base adequate responses. The
possibility that timing behavior have a biochemical basis
has been suggested by Hoagland (lg;i & 1935): the results
of several experiments involving temperature analysis, via
the Arrhenius equation, of estimations of time durations
" .eedefinitely imply the existence of a unitary chemlcal
process serving 8s a basis for the subjective time scale, a
process probably irreversible in nature and perhaps catalyzed
in a specific way...(Hoagland, 1934)." Evidence has been
presented that changes in time perception of human subjects
may be induced by drugs (e.g., Steinberg, 1955), Because of
the wide involvement of timing behavior in complex human
activities, the possibility of "incapaciteting" such activities
by the use of chemical agents deserves investigation,

The present project included a pilot study of timing
behavior, using rats as subjects. The behavior pattern
involved in the study required the subjects to space their
responses at least 18 seconds apart in order to receive rein-
forcement. Since responses that occurred at a rate less
than one per 18 seconds were not reinforced, the schedule is
reforred to> as the differential reinforcement of low response
rates abbreviated "DRL' (Ferster and Skinner, 1959; Anger,
1956; Sidman, 1955), The purpose of the pilot study was to
obtain information upon which to base the precise conditions
and procedure for a DRL measure which might be included in
the final behavioral test battery,.

Research design. If administration of the drug produced
changes in the DRL response, measures of behavior during drug
test sessions would be expected to differ significantly Zrom
measures during non-drug sessions, The measure of tehavior
used was the time between responses or the "interresponse



——

v ot s S 4 i i

119

time," abbreviated "IRT," The research was designed, first,
to provide means and standard deviations of the distribution
of IRT*s for performance under non-drug conditions ard,
second, to obtain IRT's following administration of the drug
or placebo, Deviations of the latter which were two standard
deviations or wore from the mean of the non-drug distrilmtion
could then be considered "significant" in terms of the ugual
statistical conventions,

Test situation. The apparatus used to study DRL
responses was a okinner-type tox, 5 5/8 inches wide by 10
inches long by 6 3/L inches high, The walls were made of
aluminum and the ceiling of clear plastic; the floor consisted
of fine aluminum tubes, The manipulandum, a bar, was mounted
on one wall and required 10 grams pressure to close the
response circudt., The box was housed in a light and sound
attenuvated, ventilated cabinet. All contingencies were
programmed by automatic electro-mechanical equipment. Water
was constantly available in both the living cages and the
experimental chamber,

During each test session an animal continued performing
until approximately 100 reinforcements were obtained, Relin-
forcement consisted of a 97 mg. Noyes food pellet., The
reinforcement schedule was so programmed that the subjects
had to space their responses at an IRT of 18 seconds in order
to receive a pellet., Reinforcement was withheld if a response
occurred in less than 18 seconds following the previous
response; there was no penalty for responding at longer IRT's,
Reaponses during each test session were recorded graphically
on a cumulative recorder,

Subjects. Since this was a pilot study to examine the

IRL vation as a candidate for inclusion in a final behavioral

test battery, it was decided to concentrate upon the intensive
obgservation of only two subjects, but to do this over an
extended period of severzl months, Two male white rats of
the Holtzman Albino Stock served as subjecta, They had not
perticipated in any previous experiments. When not in the
experimental apparatus, each was housed in a separate home
cagr. where water wes avallable ad libitum,

Procedure., The procedure consisted of three besic
phases, rPhase 1 involved the establishment of a controlled
feeding schedule, The animals were first deprived of food
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and then brought to and meintained at a 70 per cent of their
ad libitum body weight.

After the feeding schedule had been established, the
animals were trained to displace the response bar for the
food reinforcement., At this point the DRL schedule was
introduced, Training on this schedule continued daily, each
subject being run until 100 reinforcements were obtained,

The only deviation from this procedure occurred on dayr when
drug or placebo doses were administered; these special treate
ments constituted the third phase of the study.

Both drug and placebo doses were administered orally by
intubation in the manner standard for all studies in the
project. The chemical characteristics of the placebo were
described earlier; the Librium doses were given as fresh
aqueous solutions, In order to explore the period of maximum
influence of the drug as defined by its effects on other
measares of behavior already Cescribed, test sessions began
at 1, 3, or 5 hours following treatment, as indicated in the
description of results to follow, The drug series were
introduced at, jrregular intervals, a minimum of 20 days
separating treatments, In a final drug series the 16 mg/kg
dose was given intraperitoneally in order to observe effects
of a second route of administration,

Results. The experimental results consisted of distri-
butions of IRTs with modal points in the region of 18 seconds.
For convenience, data forming the various distributions were
analyzed in step intervals of three seconds each from zero
time delay to 2 f£inal interval of 39 seconds and above, As
will be discussed in more detail below, the distributions
under non-drug conditions approximated the form of the nommal
curve, Tests for dmg and placebo effects involved evidence
that the distributions under these two conditions differed
significantly from the non-drug or baseline distributions,

1, Characteristics of baseline (iion-drug) performance.
The advantaces of using each subject as his own control wera
discussed earlier. The comparisons involved require infor-
mation about the level of non-drug, baseline performance.
Table L9 summarises the frequency distribution of interresponse
times based upon measures taken during the 25 test seasions
immediately preceding the first drug series. The second
column of the table presents the mean per cent of IRTs
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f£alling at each step interval during the 25 trials and the
third column shows the variabllity of the rer cents in terms
of standard deviations, It is clear that the variabilities
are relatively large, indicating that considerable change in
IRTs occurred from day to day: further study of factors
affecting the stability of the predrug baseline would be iu
order before including this measure of behavior in a final
test battery., Examination of the second colum shows that

21 per cent of the IRTs occurred below the point, 18 seconds,
when reinforcement began, At 18 seconds the frequency of
IRTs increased substantially, the modal point for the overall
distribution being at the 21«23 seconds interval, ard the
distribution then tailed off rapidly. The mean reaponse

rate during the 25 trials was 2,8 & 0,2 responses per mnute,
When plotted the distribution is seen to be very symmetrical,
resembling a normal cwrve except for excessive responses at
the 0-2 seconds interval, The latter feature of the distri-
bution is not unusval for this kind of response; it is
referred to as "bhursting" and is commonly found to comprise
as much as 30 per cent of the total responses in the DHL
sitvation, In the present study bursting never exceeded
eight per cent, indicating an unusually high degree of control
over the DIRL performance,

Distributions of baseline performance between the various
drug and placebo series are summarized in Table 50. The dis-
tritutions are based upon measures of performance from 75
non-drug test sessions, Separate distributions are reported
for each of the two subjects since these were the baseline
data with which performm ce during the drug and placebo
geries were compared, The distributions are very similar
to the predrug distribution described above, They are very
symeetrical in shape, with modal points at the 21-23 and
18-20 second intervals for subjects 1 and 2, respectively,
Both show some tursting at the shortest IRT interval., The
response rates for the two subjects were 2,8 and 2,9 responses
per minute as compared to a response rate of 2.8 for the
predrug test sessions. Thls close similarity between predrug
and non-drug baseline performance indicates that, despite
the day-to-day variability noted earlier, a basic level of
stability in performance was achieved by the preliminary
training procedure, a level to which performance returned
after drug treatments.
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Table b9
" ; IRL Response: Distribution of IUTs
‘ During Predrug Test Sessions®

w&n&) Mean Por Cent 8
< 0- 2 6.3 2.9
3-5 04 0.8
6-8 0.8 1.2

9-11 1.2 1.3 5

12-14 35 23 ’

1827 8.7 34
18-20 22,2 64

0-23 w2 L .
24-26 16,7 b7
21-29 1.2 32
3032 L 2.5
33-3 1.7 1.
¥%-3 10 1.2
> 39 1a 1.9
Response Mate? 2.8 0.2

lhudupnmwumm'ésm.ouim.

2 Responses per wimmte

s T e e e an
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Table 50
DRL Response: Distributions of buseline (non-drug) IRTs?
R G Newn Nemt S e Rromt 8
0= 2 L 2,2 6.8 25
-5 0.5 0.9 0.5 0.4
6-8 0.6 0.8 0.7 0.8
9-11 20 22 1.9 14
12-1h 60 249 S 2.7
15-17 12.9 3.9 13.8 b
1820 208 7.2 LK 16
21-23 2.8 53 2.8 3 '
2426 .8 ka 10,7 53
77-29 8.3 b2 L7 2.9
20-~32 L.t 38 1.7 1.7
3-35 24 2k 0.8 1.0
3%6-38 1.0 1.2 0k N :
39 ¢ 0.9 13- 0S8 0.8 )
Reaponse Mates? 2.8 . 2.9 o

1 Boed upon msasures taken during 75 non-drug test seseslons,
2

Meeporess por winute,
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2. Placebo effect. The research was Gesigned to provide
information about any effect which might have resulted from
the intubation precedure itself regardless of the chemical
agent administered, Distributions of IRTs following placebo
administration are summarized in Table S1. Measures were
taken of performance during test sessions which began one,
three 2nd five hours after administration of placebo doses.
A1l four distributions in Table 51 are very similar to the
corresponding distributions for baseline performance &u
summarized in Table 50. In fact, all values for subject 1
fall within ¥ two standard deviations of the corresponding
values for non-drug baseline performarce., For subject 2
three values show significant changes during the cne hour
test session, while only one value just reaches the criterion
for significance at the three hour session, Where signifi-
cant effects do appear, they are in the direction of higher
per cents of longer IRTs and are most pronounced at the 27=-
29 seconds interval, Administration of the placeb> produced
no significant changes in response rates,

3. Drug effects. Very consistent effects on performance
vera founa'Tglla_vﬁE'oral administration of Librium in doses
of 16 mg/kg. Examination of Table 52, which sumarizes data
from both subjects for test sessions one and three hours

after drug administration, shows three main features of the
effects: first, they appear as increases in per cents of
longer IRTs; second, the effects are pronounced during the
three~hour test sessions and almost completely absent during
the one=hour sessions; third, the response rates, which
constitute the most frequently used measure of operant
tehavior, show a tendency to decrease, the valus for subject
1 at three hours after drug administration being significantly
lower than its corresponding baseline value,

Similar results were obtained when intraperitoneal
injection was used as the route of administration, the Librium
dose remaining at 16 mg/kg. Table 53 shows the distributions
of IRTs for test sessions begun 15 and 30 minutes after
injection. Again the predorinant feature of the distributions
is a shift toward higher per cents of longer IRTs, although,
in contrast with effects following oral administration,
increases also appeared at 1RT intervals in the region of
three to eight seconds, In both instances response ratus
decreased significantly. The most striking differences
between the data in Tables 53 and 52 appear in terms of the
mch shorter latency in thc preduction of significant effects
following intraperitoneal than following oral administration
of the drug,
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T 61 B
DRI Response: Flacebo Effects '
Per Gent of Responses

1 g:t."”ct;hr. b lsx‘;t?“t;hr. “
ka7 3.7 1.8 1
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.8

34 1.2 00 00 .

S 1.6 2.7 24 |
12,2 8.7 74 847
2ha3 26.5 19 3.0
23.6 26 26.5 22,2
12,2 110.6 15.9 18,2
9L 112 16,60 847
2.7 3.7 3.5 L.8
14 0.0 b 1.6

0.7 04 1.8¢ 16n

0.0 0.0 00 0.8
2.8 2.8 2.8 Y




Table 52

DRL Resprnse: Drug Effects® (Orel Adwinmdstieticn)

Par Cent of Responses

- Iﬁ:’f;’.ﬁf‘,’” 1 g‘;bjmslbr. 1 ::‘.’Jmazu.
0- 2 b7 T b2 udb
3-5 0.8 00 0.0 0,0
. 68 08 1. 00 0
| 9-11 31 0.0 35 2.7
i 12-1h 3.9 b3 W18
15-17 93 14 133 104
- 16-20 WO 600w 30,8 120
S 21-23 163 Sdw 200 L.bw
o 2426 124 154 133 164
- 2729 1.8 18,00 ey s Jie
: ) 3032 ns 1na 0.7 1)
| 135 23 8.6% 0.7 3w
. 36-38 1.6 7.7% 07 2.6
39 + 0.8 L 0.0 0,0
Maponse Rate® 2.5 2.1 2.9 2.5
M 1 Doss: 16 mgfkg body welght,
. R * Hore than + 2 standard deviationw from the baseline wesn.

3 Topoases por mimte,

o Mors than « 2 standard devistions from the bes~line weer,
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Table ©3
IR0 Respense: Drug Bffectel (IP Admuistretion)
Per Cont of Responses
T (Gooe) uin. " wn.
0~ 2 6.7 31
3.5 2,5+ 6.2%
6~ 8 0.0 Lo
9-11 0.8 1.0
12-1 1.7 1.0
15-17 5.0 Lows
18-20 AT 620
2-23 15,0 Lwe
2426 18.3 6.2
27-29 11,7 8.2
-32 1.7 9.3
33-38 5.8 8.2¢
3%6-38 S.2e
39 31.9¢
Mesponce Rate? 22w ldee

1 Doge: 15 wg/ig vody weight,
& Nore than ¢ 2 standard deviations from the Meseline wenn,

* Nwre than - 2 standsod deviations from the baselins mean,
2 Reaponoes per minvte .
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Figure 10, Absorption Curves for Flaswa Extracts from LIibrium-Treated Mats,
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« This pilot experiment was planned as a pre-
liminary study of timing behavior, a form of behavior which
is important in many types of repetitive or sequential tasks
where adequate performance depends upon responding at proper
tiwe intervels, The behavior pattern involved in the present
atudy required the subjects to space their responses at least
18 seconds apart in order to receive reinforcement, Inten-
sive observations were made of the behavior of two subjects
over an extended period of several montha, The chemical
agent used was librium, administered both orally and intra-
peritoneally. Rats served as subjects, The results are
sumarized below,

l, The results confirmed those obtained by other
experimenters who have studied this kind of timing behavior:
it is a difficult performance pattern for the rat to learn,
Howevery as the experimental data show, sufficiently stable
performance was established to reflect sensitivity to drug
effects, The measure of btehavior, i.e., time between res-
ponses or IRT, provided distributions of responses during
each test session., Such distributions were obtained during
test gessions under the following conditions: predrug base-
line performance, non-drug baseline perfcrmance between drug
and placebo series, performance following placebo adminis-
tration, and performance following orsl and intraperitoneal
administration of Iibrium at a dose level of 16 mg/kg.

2, The meesures of baseline performance under both
predrug and non-drug conditions were very symmetrically
distributed around modal points between 18 and 23 seconds
interresponse time. An obvious deviation from the normal
curve appeared at the shortest step interval, 0-2 seconds,
vhere excessive mumbers of responses occurred. However;
this feature of DRL behavior, known as "bursting", appeared
less frequehtly than usually reported by other experimenters,
indicating that the present procedures had resulted in an
unusually high degree of control over the DRT. nerformance.
Predrug baseline levels of performance were re-established
following administrations of drug or placebo, both the
distributions and response rates for trials between drug
and placeto series being very similar to those obtained
during predrug tests.

3. PResponse rate, the most frequently used measure of
operant behavior, was not affected by administraticn of the
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placebo, It was, however, sensitive to the drug as evidenced
by decreases in responses per mimite following both oral and
intreperitoneal administration,

4. Examination of IRT distributions shows that the
decreases in response rates following drug administration
were associated with shifts in the distributions toward
larger per cents of longer IRTs, Subject 2 did show a
pPlacebo effect in this same direction, but the effect was
mch less pronounced than that produced by the drug. The
general picture was one in which the effects of the drug
favored interresponse times of the kird being reinforced,
i.e,, those 18 seconds or longer,

5. The time-response characteristics of the drug
effects had one feature of particular interest. Peak effect
times for other behavior patterns described earlier in this
report were reached within one hour after oral administration
of Librium at the dose level used in the present pilot study.
In contrast, the DRL response showed no pronouneced effects
until some time after one hour. This contrast illustrates
a second way in which drugs may produce differential effects
on different behavior patterns, i.e., differences in time-
response characteristics. The first was demonstrated in
experiments described earlier, appearing as differences
in dose~-response characteristics.

As would be expected, the intraperitoneal route of
administration cut this peak time considerably, significant
effacts appearing after 15 minutes and becoming very pronounced
after 30 pinutes,

6. The results of the present pilot study would . ..o
encourage fusrther cxaminaticu of Lhe INL response as a candi-~
date for inclusion in a finsl behavioral test battery.

Changes in training nrocedure aimed at decreasing day-to-day
variabtility in IRTs deserve attention; further data on dose=-
responge and time-response relations should be obtained; and
comparisons should be made between effects of several chemical
agents in order to determine whether this behavior pattern

is differentizlly sensitive to agents with different
chemomorpholoiries,
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I. Strd tuax aprroach response to differential reinforcs~
ment (SAR-I

In the continual process of adjusting to their environ-
ments living orranisms are often exposed to situations in -°
which they are prevented from or delayed in reaching their
poals by contingencies beyond their own control. Under such
circumstances behavior may become disorganized and "displace-
ment activities" appear. In toth instances the effecty are-
"incapacitating®, A very extensive literature has daveloped
around experimental studies of "{rustration” and "conflict"
in both human and infrahuman animals since Pavlov's first
re§e§rch on "experimental neurosis" (dee Russell, 1950 and
1953). .

The pilot study described briefly in this section of the
present report was a first step toward devising a standardized
situation in which the effects on behavior of exposure to
short period of "frustration" in which reward was delayed by
decreasing the ratio of reinforcement could be compared with
the control performance of the same subject during the same
experimental session., The general procedure made use of two
schedules of reinforcement. In one, each trial ended with
reward; in the other, a trial might or might not end with
revard, The same operant response, the straightaway approach
response described in section IV E above, was used with both
schedules., The only differential environmental cues were
the visual stimulus patterns of the two alleys in which
responses under the two schedules were made,

Research design. As indicated atove, each animal per-
formed under both reinforcement schedules during each experi-
mental session, As a means of controlling for possible
effects of the two different alleys used, n = 16 subiects
were assigned at random to k = 2 groups. Amimals in one
group received 100.per cent reinforcement at the completion
of each trial in one alley and 50 per cent reinforcement in
the other; the relations between alleys and reinforcement
schedules were reversed for the other sroup., Fffects of
Librium on performance under the two schedules of reinforce-
ment were studied after baseline performance levels had been
established,

Subjects. Sixteen male white rats of the Holtzman
Albino stock served as subjects. They had not participated
in any previous experiments. When not in the experimental
apparatus each was housed in a separate home cage, where
food was available ad libitum.
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Test situation. The apparatus consisted of an enclosed
double stralghtaway, one alley of which was painted black
and the other, black with white stripes, Each was composed
of a starting box, a straightaway segment, and a goal box.
A subject's movements through the apparatus could be monitored
by three photoelectric cells: one at the exit of the starting
box, the second at the opposite end of the straightewsy seg-
mant and the third inside the goal box one inch in front of
the water incentive. In the present study the straightaway
approach response, SAR-D, was measured in terms of the time
between a subject'!s exit from the starting box and his
entrance into the goal box. Interruption of the first photo-~
cell beam tripped a timer, which was stopped when the subject
passed through the second photocell beam. The measure of
performance was time taken to traverse the straightaway
sepment; this measure was transformed to log units in analyzing
the results of the study,

Procedure. The procedure consisted of three major
phazes,

During phase 1 a standard 23-hour water deprivation
schedule was established,

During phase 2 all animals were given 19 daily blocks
of eight trials, four in each alley of the apparatus. Each
trial beran ty placing the animal in one of the starting
boxes and the starting-box gate raised, The animal left the
box and interrupted the first photocell beam thus activating
the timer and the gate was lowered tehind Mm, The goal-box
gate was Jowered once the animal had entered that box and
had interrupted the photocell beam stopping the timer, On
rewardsd trials the animal was allowsd %o drink for fivwe
Seconds; on ncn-rewarded trials, he was detained in the goal
box for the same period of time, The order in which trials
were run in the two alleys was randomized, with the restric-
tion that, during each deily seseion, four trials had to be
in the 50 per cent and four in the 100 per cent rewarded
alleys, The intertrial interval was three minutes, The
incentive consisted of 20 per cent, by volume, sugar solution,

Phase 3; the drug phame, began after completion of the

acquinition triale, The animale were given throo additinnal

daily blocks of trials using the same procedure as in phase
2, Before the first of these sessions the subjects were
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divided into four groups of equal size, a control and tlres
drug groups, Drug doses were administered by intubation one
hour before the first of the three daily sessions; the
second and third sessions were run 2 and L8 hours after
administration. Thy control group received the standard
placebo for Iibrium as described earlier in this report; the
three drug groups received i, 8 and 16 mg/kg of Librium,
respectively.

Results. Table Sh summarizes the mean time scores for
all animals Quring the acquisition trials of phase 2; times
are given in log units, Table 55 gives the time scores for
daily blocks of trials durirg the drug phase of the study.
For present purposes the results may best be presented under
three major headings,

1. Trends during acquisition trials. Examination of
Table 5 shows that performunce at the start of the SAR-D
trials was at almost identically the same level under both
reinforcement conditions., From day 2 to day 5 speed of

running was faster during 100 per cent than during 50 per

cent reinforced trials, a t-test showing the difference to

te significant at the p <05 level, There followed three

days during which the differenc:s disappeared., As trials
continued a significant difference again developed, p <01,

but in the oppositz direction to that of days 2-5, i.e.,

from day 9 to 13, the animals ran faster under conditions of

50 per cent reinforcement. Although this oscillation decreased
greatly in magnitude beginning with day 1k, differences between
measures of performance under the two conditions of reinforce-
ment becoming very small, it did continue to be evidenced
throughout the remainder of phase 2 and also in the behavior -
of the control group in phase 3.

2, Displacement activity. During the period when ths
oscillation of performance between $he two conditions of
reinforcement showed its greatest mpagnitude, interesting
displacement activities appeared. These were most obvious
during days 9 to 13 under conditions of 50 per cent rein-
farcement 2nd were evidenced as marked increases in defecation,
urination, squeaking and rapid circling movements. Some of
the animals chewed at the apparstus and attempted to bite
the experimenter while being handled during intertrial periods.
These activities were not noticesble during trials before or
after this five-day period,




Table 5%

Streightaway Approsch Response to Differentisl Reinforcement:
Time Scores During Acquisition

Ddly Triad Mean log Time
Bl.o«a:r1 50% Redinforcement 1004 Rednforocment
1 0,59 <0 50
2 <043k =0,23
ﬂ «0.21 «0,18
<0,0L 0,04
5 -0,04 40.05
6 01 10,12
7 40,16 40,16
8 40,20 +0,21
9 +0.2 +0.11
10 40,22 40,13
n 0,22 +«0.11
12 +0,2k +0.18
13 ’0.31 ’0.21 '
11 0,12 022 N
. 15 .21 0,19
4 m ‘0015 wbm
‘ by 0,20 0,22
18 0. *0.2?
19 0.2 +0.23

1 Kght trials, four voder each reinforcement scheduls.
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Streightavay Approach Msaponse to Differential Reinforosment:
Mre Socres Doring Drug Trials

Daily Trial Mean log Time
Blo 50¥ Rednforenment 100% fmdinforcomemt
Cntrl b 8 36 wmwd b B 26
20 40,23 40,17 40,12% =0,02% 0,25 40,19 +0,1h# 0,00%
2 W02 40,21 40,18 40,06% 40,22 40,22 40,16 40,08+

2 W2l 1022 40,20 40,12 40,23 40,23 4009 +0,13

1 Bight trials, four under ezch reinforcement schedule,

# Significant a p = ,05 or better when compared with the control group.
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Displacement activities of these kinds have often been
reported in studies of behavior under "stress": for example,
increases in defecation and urination in a mildly stressful
situation have served as measures of "emotionality" in selec-
tive breeding experiments (e.g., Hall, 1951); attacks upon
the apparatus and upon the experimenter have appeared under
conditions of conflict between avoidance response (e.g.,
Khairy et al, 1957). Stresses of these kinds may also
produce oscillation of responding (Miller, 19LL) similar to
that reported in the preceeding paragraph. Analogies between
such characteristic reactions to external changes as evidenced
in self-regulating physical, biological and behavioral systems
have been poirnted out in terms of homecstatic or negative-
feedback models (Rao and Russell, 1960). The reactions occur
very generally in all species of animals studied, including
man,

3. Drug effects. Effects of Librium were clearly
apnarent one hour after administration., Table 55 shows that
the rank order of decrements in performance on day 20, under
both conditions of reinforcement, correspond exactly to the
rank order of drug doses, i.e., the greater the dose, the
greater the decrement, Differences tetween each of the

groups receiving doses of 8 and 16 mg/kg and the control
group were significant at p 7,05 and p <.001, respectively,

as determined by t-tests. These differences graduslly dis-
appeared until on day 24, 48 hours after drug administration,
none was statistically significant, These results corroborate
those reported earlier in section IV E of the present report,
when the straightawey approach response involved only one
schedule of reinforcement,

+ The results of this pilot study indicate that
signs of reactions to stress may be produced in a standardized
situation involving & single form of operant response, a
straightaway approach response, generated under conditions
of differential reinforcement, The signs consisted of marked
increases in defecation, urination, squealing, rapid circling
movements, and attscks on the apparatus and the experimenter,
They were accompanied by oscillation in the SAR-D operant
response which took the form of faster responding first to
100 per cent reinforcement, and then to 50 per cent rein-
forcement; the magnitude of this oscillation decreased as the
number of trials increased. The time limitations of the »tudy
did not make possible investigation of effects of drugs upon
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these reacticns. Furcher research would be nsceasary to
determine whether the reactions could be evhanced or pro-
. ; longed by chemical agezts, thus producing more significant
" ’ facepacitation of behavior,

o - The effects ¢ Librium on the SAR=D after a relutively
- stable baseline hed been attained and oecillation wminimized
- corrohorated doss-resprase and tiwe-responsze relations
o obltained in studies of thu SAR under oconditions o7 & singls
.. reinforoenent schednle,
x"‘ “.‘
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¥, Conditioned avoidance response {CAR) using monkeys as
subjectr,

One of the objectives of the present project was to
extend the study of behavior measures and of research designs
to wore than.one species of animal subjects. Monkeys were
chosen as & second species because of their phyletic position
closer to mar than the rat. This section of the report des-
cribes the first experiment using monkeys; beceuse of {ims
limitations it was not possible to pursue as full-fledged
experiments other pilot studies begun with this species of
subjects,

During the past several years the conditioned avoidance

- yesponse, CAR, has become one of the most widely used behavior

patterns in research on drug-behavior interactions. A number
of specific techniques have been developed for the "standard"
measurement of the CAR, including "pole-climbing®, "shuttle
box", "wheel-turning" and various other operant conditioning
procedures, In fact the general features of these techniques
were described by Warner %;932) as early as 1932 in some of
the first studies reportinz conditioning in rats. Conditioned
avoidance responses appear very frequently in the normal
response repetoires of all animals, including man, The
possibility cf temporarily disrupting such responses deserves
investigation in anay systematic study of incapacitating
chemical agents, The present study was undertaken as a

first step towsrd standardizine a procedure for generating
and measuring CARs which could be included in a test battery
for screening chemical agenta for their potential incapacita-
ting properties.

Research design. The research dzsign involved three
experimen trea%nts drug doses, which constituted the
independent variable, ch animal was studied under all

three conditions, the order of tieatments being assigned
randomly to individvual subjects, Iibrium was the drug used;
the three dose levels vere: 30 mg/kg body weight adminis-
tered orally; 2 me/kg and 10 mg/kg given intraperitoneally.
Throe measures .of behavior constituted the dependent variables:
response rate, response~shock rate, and shock-shock rate.

In order to obtain information about time-response relations,
test sessions were scheduled at regular intervals following
administration of the drug.
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Test situation. The rcquirement of the test situation
was that the AR Ge placed under experimental control in
order that it could be investipated as a function of drug
administration. The respoise salectsd was a key-press which
would delay the onset of an electric shock for 30 seconds.,
The nature of the reinforcement received was response-
continpent: by pressing a key within 30 seconds, the shock
could be avoided; failure 'to respond adequately in this time
dimension resulted in punishment, which continued at fivs-
second intervals until a response was made.

The test enviromment consisted of a cage 18 by 1 by
28 inches in its three dimensions. This allowed a subject
sufficient space in which to move about, but still wade it
possible to control experimentally irrelevant variables,
The cage was placed in a chamber where such variables as
11lumination and ambient noise were controlled; both were
in an experimental room with thermostatic control of temperature,

A bakelite panel at one end of the cage contalnec two
transilluminated keys 1.5 inches in diameter and an opening
into a recessed food cup. level extensions protruded 0,5
inches into the cage from the hottom of each key and extended
3.0 inches down the panel., The floor of the cage consisted
of metal rods throurh which could be passed a controlled
electric current of two milliamperes from a shock generator
connected throurh a standard shock scrambler. The experi-
mental procedure wes programmed automatically to provide a
30 second interval between a response and the onset of the
next shock; a response on either key delayed the next shock
for this interval, When not successfully avoided, the shock
vas administered at five second intervals,

Responses were recorded on a cumulative work recorder,
which kept graphic records of the number of successful avoid-
ance respcnses, the number of shocks received and the number
of responses to the right-hand key. These data provided the
bases for determining three parameters of the response:
response rate, successful avoidances per mimute; response-
shovk rzte, nnsuccessful avoidances per minute; and, shock-
shock rate, fajlures per minute to respond during the inter-
shock irnterval resvlting in two successive shocks,
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Subjects. Six squirrel monkeys, Saimiri sciurea, served
as subJects. Three were males and three, lemales, All were
purchased from suppliers who obteined them directly from
their native habitats., Their sges were unknown, but all
appeared to be relatively young animals, None had participated
in any previous research studies, They were housed in
separate cages during the experimental period and were fed
daily on standard laboratory chow supplemented every other
day with 20 grams of a vitamineprotein supplement, Watar was
available ad libitum in their home cages.,

Procedure. During the first phase of the study the
animsIs were introduced to the test situation and trained,
by the method of successive approximations, to make the avoid-
ance response, Shaping of the response continued for six
weeks on a schedule in which test sessions four hours in
duration were given at }8~hour intervals,

The first Librium series began L8 hours after completion
of the preliminary training. The drug was administered at
the start of the first test session of the series, which
consisted of eight four-hour sessions at LB-hour intervals,
The three drig series were conducted successively in accord-
ance with this schedule, the period between administrations
of the drug thus being 16 days. The order of doses adminis-
tered was randomized for each individual subject,.

Resvlts., The results are summarized in Tables 56, 57,
and 58, Each table gives the mean rates for the last two
test sessions before administration of the drug and for
four sessiong after administration, ¥y which time performance
had returned to predrug baseline levels, The drug was
administered immediately prior to the test sessior numbered
"3 in the tables. Because of the pilot nature of +the
experiment, extensive statistical analyses of the resvlis
were not warranted. The statemerts which follew indicate
some of the features of the present CAR procedure t> be
congsidered in standardizing it for inclusion in a behavioral
screening battery,
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Table 56
Oondi tioned Avoidanos Response: Response Ratsl
m o om o RS
Seseion (orel) “(1p) (1P)
T P 'Y Range b 4 h.&-
3.23- 3.13- b
1 6.58 9.9 6419 8,08 6.54 10.21
2 2082‘ 3-"" lloll'
7.86 11,9 6Lk 935 6,67 10.h8
3 217~ 2.7~ b3~
3,28 L.% 3,00 5. 63 83
L 3.70- 3.29- S . 758
0.0 17.10 10,65 17.99 6,84 9.05
3073' 3.00" hm-
7.6 10,60 686 1005 7.0 9.
é 98- ki 0= k J00-
6,09 +20 672  1.72 6,800 15.51
1 In mean mumber of avoidance responses per winute
2 paministered at start of session ).

|
s
|
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Tebls 57

1
Conditioned Avoidance Responfe: Respouse-Shock Rate

Test X
Seasion (oral)
Range
1 I 0M2-
006 0,09
2 0002-
0.8 032
3 0,76~
1,06 1.7
4 0.,02-
0.07 0,09
s O.M-
0.07 0,10
6 oo“'
008 0,10

1 In mean ousber of response-shock combinations per winute,

Dose (;g/hz)z

0
(1P)

0.09

0.09

0.82

0.06

0.07

0,08

Range

0.,0L~
009

0.,05-
0.2

(o} 039‘
138

0,03~
0.12

V,00-
0.10

0.08-
0.09

2 gadnistered at start of session 3.

2
(1P)

0.07

0.07

0.10

0.05

0,07

0.08

Range

0400
0.3

O 002.
018

0 007"
0.13

0 .w‘
0,10

0.L03-
0as

0.00=
0.20




Table 58

Gondi%doned Avoidance Responses Shook-Shock Rate:
Dose (mg/xg)?
Test 0 10 2
Seesion (oral) (1P) (1P)
Y  Range Y  Range T  Renge
1 : o'“ 7. o om- 0 .w" 0 ow--
001 0,01 002 002 0,01 0,0
z 0,00- 0.00-
003 0,03 002 00h 001 0,0
3 1.17- 0.23- 0.00-
123 1,29 055 085 000 0002
N 0.01- 0,00-
0.02 0,02 2,01 042 0.00 0,009
5 0,00 0,00~
0.01 002 000 006 000 0.0
6 0,00-

0.02 0402 002 003 0,00 000

1 In meen number of shock-shock cowbdnations per wluute.
2 Administered at start of session 3,

’mmwofmun-mtm.
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1. Predrug baseline performance. The predrug training
procedure led to very sﬁbfe baselines of performance for
each individual subject. There were inter-individual differ-
ences in the levels of performance, as indicated by the
ranges for test sessions 1 and 2 in the three tables, As
with other behavior measures discussed earlier in the present
report, establishment of a stable predrug taseline for each
subject is important if each animal is to be used as its own
control.

2, Drug effects, Immediate effects of the drug appeared
in all three measures of performance within the four<hour teat
Period which followed drug admirdstration, The rate of the
CAR during this first peste-drug test session decreased markedly;
response-shock and shock-shock rates increased, This indica=-
ted a shift from the well-established avoidance behavior to
escape behavior, which had been almost eliminated in the pre-

drug training period, The typical sequence of bshavioral
changes following admindstration of the two larger drug doses
was: development of severe motor incoordination, reaching
its peak in about 30 minutes; gradual return of coordination
accompanied by predominance of escape behavior in which the
key~-press response was elicited by the shock rather than pree-
ceeding 1t; and final re-establishment of the avoidance
behavior as the end of the four-hour test session approached,
During the period of wotor incoordination it was noted that
the animals reacted to the shock by a kind of "freezing"
tshavior, indicating that the shock was still producing an
effect even thoush not eliciting the key-press response,

Although, as was pointed out 25" ier, the pilot nature
of the study does not warrant exten.ive statistical treatment,
some idea of the significance of the drug effects may be
gained from an examination of individual records of performance
during a predrug and a drug session, For example, during
the last Bourahour predrug test session, Monkey No, 1 made a
total of 800 avoidance responses, Dividing the session into
2l 10~minute serments makes it possible to examine the varia-
bility of performance during the four hours: the mean for -
the segments was 33,33 with a standard deviation of 1,80,
This mean mate of 3,33 avoidance responses per minute falls
toward the low end of the range of response rates for this
last predrug test session, as shown in Table 56, During the
four-hour session immediately following administration of
10 mg/kg of Librium, lonkey No. 1 mace a total of 521 responses;
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the mean for the 2, 10-minute segments was 21.71 with a
standard deviation of 5,75, Examination of the 2l time
segments shows that the significance of the reduction in
response rate during the drug period needs no statistical
test: in all 24 instances the number of responses under drug
was less than the number under predrug conditions, An F-test
using unbiased estimates of population variance derived from
the variances of the 2} time segments indicates that the
intraindividual variability was not significantly altered by
the drug, Similar snalyses of the number of shocks, i.e.,
combined response~shock and shock-shock conditions, received
by this subject during the same two test sessions support the
generel description of drmg effects given above: during the
last predrug session Monlkey No, 1 received a total of 39
shocks at a rate of 0,16 per minute; under drug the tosal
increazed to 514 and the rate to 2,14 per mimute. In all 2L
time serments the number of shocks received under drug was
greater than the number received under predrug conditions,
Here there was a significant change, i.e.,, increase, in
intraindividual variability, the Feratio using unbiased
estimates of population variance giving a p < .,005. Had a
standardized CAR procedure suitable for regular use with
squirrel monkeys been already established, the data from.all
subjects would have been obtained under identical conditions
and, therefore, could have been combined for a final statice
tical analysis. The present pilot study has provided a
procedure which can be used in a standardized way for future
studies,

Une particularly apparent effect was the enhancement of
the CAR response rate during the teat period L8 hours after
drug administration, The basis for this "rebound effect" did
not appear o lie directly in the drug effects, In the
present test aituation it was possible to produce the effect
by delaying the first postdrug test session for 72 to 96
hours or by physically restraining the animal from making the
key-press response in the non-drugged state, i.e,, by shortening
its leash to the extent that it could not reach the keys, It
may be that the rebound effect follows a perioed during which
the CAR is restricted from occurring; in the present study
administration of the drug may be viewed as having resulted
in such "restriction" in the sense that it was followed by a
period of motor incoordination during which the key-press
response did not occur,
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3., Dose-response relations. Relations between dose
levels of the ﬁé&ﬁ?ﬂ changes in performance are shown in

Tables 56, 57, and 58, The drug dose specified was adminis-
tered at the beginning of test aeas.’amgrée 3 .adzgriail :‘:;‘ree
measures the magnitudes of changes r nistration
follow the same rank order: 2 mg/kg IP, 10 mg/kg IP, and
30 mg/kg oral, little, if any, drug effect was apparent in
performance dvring the 2 mg/kg IP series, During the other
two series all subjects showed depressions of response cate
and increases of response-shock and shock-shock rates, The
fact that the order of the drug elfects was the same for o211
measures of performance and that all subjects showed the
effects is evidence that the dose-response relations were
systematiz and significant,

L, Time-response reldtions. Drug effects on the three
weasures of behavior disappeared within L8 hours after admin-
istration, i.e., by then performances had returned to predrug
bageline levels, This duration of effects was in the same
ordst a5 ths Surations of coffect for Librium reported earlier
for other measures of behavior studied in the present project,

The rebound effect observed in measures of CAR response
rate appeared only during the test session which began 48 hours
after drug administration, It had disappeared by the
beginning of the next test session, i.e., 72 hours after
administration, It should be emphasized again, however,
that the offcoct itself may be only indirectly related to the
presence of the drug,

5. Variability of performance. The interindividual
variability of performance during each of the test sessions
reported here is described in terms of ranges of performance
measures and is given in Tables 56, 57, and 58, Following
administration of the drug, the range decreased for the
response-rate measure and increasad for the other two measures,

Summg%ﬁ. The pilot study of the conditioned avoidance
response, s was conducted as a.means of standardizing a
procedure for inclusion in a behavioral test battery using
the squirrel monkey as a subject for screening potential
incapacitating agents. The results showed that stable base-
lines of performance could be estatlished and that these
baselines were differentially sensitive to different dosa
levels of the experimental drug, Iibrium., The effects, when
present, had time-response characteristics similar in nature
to thoge of effects produced bty Iibrium in other measures of
behavior.
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K. Other pilot studies

Other pllot studies were begun, but did not progreas
sufficiently in the time available %to provide other than very
preliminary data, These studies will be described only

briefly in the following paragraphs,.

1. General activity. The behavior of living organisms
includes the presence of a considerable amount of movement
and general activity which is not immediately understandable
in tarme of apanific atimlue oy mativational) ennditiona.
Numerous studies have been made of the extent of this general
activity, of conditions within snd external to an organism
which may affect it, and of its possible relations to genetic
factors and to specific physiological drives, e.g., humger,
thirst, sex, The studies have shown that general activity
is markedly affected by administration of certain chemical
agents and that it may be affected when other behavior
patterns are not significantly altered, In so far as general
activity reflects en organism's level of activation (Duffy,
1962) it may serve as a useful measure in screening for the
effects of incapacitating agents,

The measurement of general activity presents some tech-
nical problems which, after study, led us to develop a new
apparatus for more consistent and stable recording. Our
first models were developed for measuring general activity
of the white rat, The cage housing the animal was placed in
a sound-deadened box., It was suspended by a heavy bar over
a fulcrum, The transducing element, a piezo-electric device
called a "Bimorph" {Brush Electronics, Inc.), was fixed to
the bar at the stress point over the fulcrum. Movements of
the animal within the cage caused the bar to flex slightly,
which, in turn, flexed the Bimorph whose output was a small
voltage spike proportional to the degree of flexion. The
flexion required was so small as to produce no detectable
movement in the cage, The spikes of voltage generated were
amplified and a three-channel print-out counter registered
the number of spikes which met three separate voltage level
criteria, representing "high", "medium” and "low" levels of
activity. Because of the sensitivity of the apparatus, the
three levels could be adjusted so that ranges of activity
from sniffing to violent jumping could be monitored and
recorded in their appropriate categories., By making food
and water constantly available in the cage, recordings could
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be made over extended periods of time without disturbing the
animal, Measures of activity could be printed out auntomati-
cally at any predetermined interval, &.g., minute-to-minute

changes, cumlative hourly measures, etc.

Trial runs were carried out under normal control condie
tions and following administration by intubation of ILibrium
at doses of 16 and 32 mg/kg body weight, The results showed
a trend for sctivity to decrease initially following adwinis-
tration, the decrease being greater the greater the dossge,
and for recovery to occur as expected, The trials also
Tovealed sowe inedequacies of the apparatus, centering around
the. tranaducing elements and the required method of mounting
them; there were no problems in handling the voltage spikes
once they were produced nor in automatically recording them
in appropriate categories. The inadequacies were due to
mechanicelly produced resonances in the system, uncontrollable
changes in leverage forces on the transducing element, and
the lack of means for relating activity records to actual
physical forces involved in their production. The next step
in developing the apparatus should involve the testing of
more direct)— activated transducing systems. One possibility
undar consideration involves transducers of the pressure
activated type, which permit the direct mounting of the
activity cage on the transducer itself, This would permit
more direct measurement of forces involved in the animal's
movements. The transducers would also lend themselves more
readily to calibration thst would relate the recorded data

to the actual physical forces involved in various kinds of
activity.

When adequately developed, this concept of recording
general activity should provide a standard means of measuring
this form of behavior in a wide range of animal species,
including man, and of analyzing the tehavior into a variety
of components describable in terms of chanpes in actual
physical forces involved,

2. Spontaneous alternation. Since forms of apparently
unlearned btehavior may be affected by administration of
chemical agents, some preliminery trials were run of the
effects of Litrium on "spontaneous alternation™, This form
of behavior received considerable attention a number of years
ago (e.g., Dennis, 1939) and has enjoyed 2 recent revivai of
interest in tests of statisticel models of behavior,
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The test situation smployed was s Y~-mase. Each irial
began with the placement of the animel in the base zection
of the Y and saded when he reached the end of ons of the two
alleys beyond the choice point, Two “riclc were run sach
day, with a maximum allowable time of orne minute for each
trial. Food was available in each alley, All animals were
protrained to eat in the maze; they were given food and water
ad 1ibitum for one hour after thedr daily tricls and then
deprived of both for 23 hours before the next day’s yuns,

Alternation behavior was measured every 24 hours in two=
trial sequances, The saimal wes allowed to eat for 15 seconds
at the end of each trial, Following trial 1 he was returned
to his home cace ard one minute later placed in the mame for
his sesond trial of the day. Under thsase corditions altorna-
tion behavior stabilized at 85-50 per cent alternation during
the first week and did not change aignificantly during the
remaining two weels of predrug testing., Intraparitonsal
injections of placebo produced no effects upon alternstion
behavior when injected snimals were coupared with noraal
control animals, Terminaiion of the prolect provented imple-
mentation of a latin Square design for studying dose and time
responge reiatiors and rerry-over effscts,

3. Conditioned emoticnal responss (CER) using monkeys
as subjects, In implemsnting the plana of the project to
study more than cne species of inrahumen snimals, work was
bepun on the design of ipment and procedurvs for estab-
lishing CERe (Hunt, 1959) usirg equirrel monkeys, Saimiri
sciures, as subjects, The test situation consisted of &
ventilated "3Skinner" bax, 1 £t. x 1 £, x 1 £t, in interdor
dimeasions, constructed of aluminum doutle walls saparated
by 1 in. of fiberglass. On one panel were mounted tuc house
lights, a sismal light, 4 minipulandum bar, and a reinforos-
mont delivery tube. A reinforcement reservoir and delivery
system, s speaker, and a relay to provide auditory feedtack
for bar piesses were attacied to the back of this psnel,

The floor of the box consisted of quarter inch alusinum rods
spaced on one inch centers throvgh which electric shock
ovuld be dalivered to the subject. The behsviorul oontine-
gancies were programmed by automatic eleotromechanical
devices, All apparatus producing suditory stimuli were
“ovlated in another rrom,




19

Six monkeys served as subjects during preliminary work
to estsblish satisfactory procedures for generating the CER
in this species of subjects, Attention was directed toward
study of various key parameters affecting establishment of
stable bar-pressing and suprression responses, including
nature of reward reinforcers, VI schedules, and duration,
frequency and scheduling of the C3 and shock reinforcement
for maximizing the suppression effect. Investigating such
parameters, important in stendardizing a final procedura, is
time~consuming and was not completed dnring the period of
the project,
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V. REIATTONS EETWREN PHARMACOLOGICAL EVENTS AND BEHAVIOR

The pharmacological studies undertaken in the course of
this present research were concerned with two matters of
tasic importance in studies of drug-behavior interactions,
The first involved the esteblishment of standard conditions
for the administration of each drug in the experiments un
behavior: the conditions which were standardized included:
dose range, route, drug vehicle or preparation, and time
intervals after drug administration for observation of
maximum behavioral effects, The second concerred the deter-
vination of time curves for chanres in the blood levels of
intact drug after administration uwnder the standardized
conditions, Information about the time characteristics of
the absorption and metaboliem of a drug is essential in
determining whether any concommitant chanres in behavior are
related to the presence of the drug in the body or to alter-
ations in biochertical systems induced by the drug. The
first of these considerations was essential to the design

of the experiments on behavior in order to obtain reproducitle,

interpretable data, uncomplicated by drvg effects on gross

sengory or motor responses, The blood-level curves constituted

the first basic data of a tiochemical nature needed for
interpretation of ithe mode of action of each drug,.

The three drugs studied, i.e., ILibrium, pentobarbital
and ethanol, constituted an interesting comparison of
"tranquilizing-type" drugs with varying deprees of puycho-
leptic, sedative, and hypnotic properties. The results of
mags clinfceal triels sugmest that these drugs have differ-
ential effects in the treatment of different kinds of
behavior disorders,

As in the case ot several of the experiments descrived
earlier, the studies to te reported in the following para-
graphs are in the nature of pilot investigations. In the
elghteen months available for research the project could be
oriented toward only one major aspect of drug-behavior
interactions, The experiments on behavior were chosen as
the central focus and all other work had to serve in a
supportive role.



e e v e ) 30 W T

‘the' projectts Report No. 1.

151
A, Selection of dose levels

Decisions about drug dose levels, based upon some
empirical data involving the specific strain of animals to
be used in the main experiments on tehavior, had to be made
before the experiments could begin. These data hed to be
approximations from a very minimum number of observations
if the main body of studies were not to be delayed beyond a
possibility of completion, The results obtained, though
sgpproximate, were adequate to esteblish for each drug a
usatle "ordsr of magnitude™ for the maximum dose to be
administered, With this dose level established, decisions
could be mads about the distribution of experimental dosages
within the range from it to a "zero dose™ or placebo, The
results also provided information about the feasibility of
the techniques employed for routine use with larger groups
of animals in later, more precise studies of the kind
described a&s "Fhase 1, Eeliminary screening: animal®™ in

No attempt was made to determine median lethal doses,
LDg 's, for the three experimental drugs. Such values
co 9d be determined at a later date, using the standardized
conditions of drug administration and employing well-
established methods for their determination, For compara-
tive purposes in Figurs 8 and Table 80, the LD o value of
2000 ¥ LOO mg/kg for oral administration of Librium in the
rat was used, a value supplied by Dr, J.J. Pepper from data
obtained in the Hoffman-LaRoche Laboratories.

BDen determinations for 8s behavioral responses.
In orde’ set the experImen ose levels to cover the
range over which changes in behavior might occur, determina-
tions of BDS 's were made using four gross behavioral
responses, ‘Bhese included two measures of motor coerdination,
i.e., the rishting reflex and pait or pattern of locomotion,
and three measures of response to "stress", i.e., startle
response to air puff on dorsal hair, si, startle response to
loud noise, N, and respense to the pain of a tail pinck, P,
A1l determinations of the present series were made by the
same investigator, For each of these measures a "normal"
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response was defined by the investigator on the basis of
obgservations on untreated animals, During a test session
responses were rated on a five-point scales

0 1 2 3 L

t 1 1 ' '

no normal greatly

response response _ exaggerated response

(bservations ware made during test sessions at sslected

time intervals after administration of a drug; averages of
individuel ratings were computed for each dose level studied
at each time interval, A "biologically significant change"
in the gross behavior measures was arbitrarily defined as
deviation from the "normel range" of 2 > 1 on the rating
scale,

Table g9 11lustrates the results obtained from the
application of this procedure, The table summarizes data
from two experiments with Librium as the drug., The data
presented are mean ratings for groups of rats. They indicate
that a dose of 32 mg/kg avoids detectable gross behavioral
changes and should be a safe maximum ievel for use in the
detailed bshavioral studies. The results also indicate that
the stress responses to noise and pain were more sensitive
to Idbrium action than the motor responses as measured by
righting reflex and wallding ability,

From raw date such as these, the conditions were set
for preliwminary studies of each drug in the detajled experi-
ments on behavior, The conditione are summarized in Table
1 presented in on earlier section, page 18, In actual
practice, it was occasionally necessary to modify these
preset conditions., TFor example, it was necessary to increase
the maxirmum dose of pentotarbital o a level much higher
than that producing offects on certain of the gross behavioral
measures in order to achieve significant changes in the
detailed behavioral stvdies, Another exampld illucfretes héw
thecretically optiimun conditicns.izy e lirtted ty. cheranter
idtica of the-rubjects to. be studied, Iore marked cffects
of ethanol en the detailed behavior reasurcs rmipht kave been
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Tatle 59

Ratings of Oross Behavioral Responsssl after Acute Orel
Administretion of librium to the Mat

Time Interval after Drug Administretion

¥ H 2 B N RiRNE RiRVE 2
100 L7 0 09 |22 o
75 1.72,7 07 0.2]2 2 1,8{2 2 2
50 2 1.7 0.7 9_,;’42 2 06 13|22 13|22 17
P2 2 2 1.7 2 2 1,5 2 2 2 2 2 2 2

6 2 2 1.7 1.1} 2 1.5 2 2 2 2

8§ 2 2 18 2 2 1.5 2 2 2 2

0 2 2 2 2 l 2 2 1, 1. 712 2 2

1 fest measures are : R - Righting reflex
W« Oajt or wdk
N - Noise response
P - Pain response

2 Underlined ratings repressnt biolopically sigmifioant cheuges
from o pre-dafined normal renge of 2 & 1,
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observed if there had not been a physical limitation to the
amount of drug which could be safely administared to the rat
via oral intutation., The oral route was selected a %or:l

as the route of choice for all the detalled behavioru

studies reported here, For purposes of comparison, conditions
for intraperitoneal drug sdministration were determined and

are reported in Table 1,

No attempt has yet been made to standardize or charac-
terize these "quick and dirty" preliminary gross behavioral
observations with respect to reliability, validity, or intra-
and interindividual consistency. This will inevitably be
done when a more comprehensive final preliminary screening
procedure is set up on a larger scale with adequate facilities.

Determination of dru files. Dose-response data for
mortality, gross beBEv{B?El egfecfs, and effects on specific
behavioral measures can be expressed on the type of log-
probability plot discussed earlier, to give a type of drug-
behavior profile for each drug studied. Figure 8 shows this
type of plot for Iibrium in which the per cent of significant
effect is expressed as a function of doge level, The "lines
of best fit" are estimated visually amongz the 3 or L points
plotted for each effect tested, Even taking full account

of the approximate nature of the toxicity and gross behsvioral
data available so far, it is readily apparent that, for
Librium, the dose ranges producing toxic effects and behavioral
effects are of different orders of mapgnitude. Further, there
is a clear separation between effective dose ranges producing
significant gross behavioral effects and effects on the
detailed behavior measurcs, From such plots as this I.Dso's
and BDSo's for each behavior measure can be calculated,
LDzq's”and o's, corresponding to drueg levels which are

5 per cent effective in producing mortality and behavioral
eflects, can also be determined. Table 60 summarizes such
approximate values obtained for the drugs studied in the
present project,



Table (O

Comporison of Selected Effective Dose Levels for
Librium, Pentobarbital, and Ethanol

Lethal Motor  Stress Behavioral Test
Dose Response Reeponas Battery hesponse

Poes T i) ke T S

Iitrium Oral 2000+ 0060 SO 35 8.5 1.1
IP  LSow 60 22 16 6 -—— —
Pentobarbital Oral  (3L0) 20 12 5 3 12 22

IP (ko) W1l e eeed e -

(wl/kg) (ml/kg) (md/kg) (w/xg)
Ethancl o (33.0) (>3.0) 3,02.2 15 04
IP 1002 1006 04025 =m-  —mm

values for Idbrium taken from private commnication from
+ JoJo Pepper, Roffwan-lsRoche Laboretories.

2 Delayed martality (24-72 bours) Allowing groes behavior msasures
at lethal lewvels,

3 Fegporwe retings confused by simultaneocus observation of calwing
and excitatory effects in replicats animals.
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It is of interest to note the apprecisble differences
for librium between the effective’'dosé ‘ranges for the four
effects atudied, particularly the difference beturen the
overall average BDSO for the test battery of aprroximately
8,5 and the motor and stress response Fg's of 60 and
35 , respectively., This appears to clearly seperate
the sedative and/or hypnotic effects from the offects
observed on the behavioral test battery. I contrast,
pentobarbital shows an overlap among all the effective dose
ranges for motor response, stress response, and behavioral
teat battery response, with stress responses, i.e., startle
and pain, being equally or more sensitive than the responses
moasured on the btehavioral test battery. For this drug,
then, it is apparent that effects on performance in behavior
tests cannot be separated from the gross hypnotic and sadative
effects,
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B, Drug absorption and metzbolism studies

The reasons for obtaining information on the time
characteristics for absorption and metabolism of drugs used
in experiments on drug-behavior relations have already been
given, In the present project it was possible to make
determinations of drug concentration changes in blood only;
tissues, particularly brain, are scheduled for study later,
One of the several reasons for limiting determinations in
this way was the fact that circumstoences permitted deter-
minations for Librium using both rat and human subjects:
the rats could be studied under the standard conditions
of the present experiments on behavior; blood samples could
be drawn from human subjects participating in experiments
in another university laboratory., Data from these two
sources could be nsed for purposes of comparison,

© librium. Librium, 7-chloro-2-methylamino-5-phenyl-3HE~-
1, L Penzodlazepine-L-oxide hydrochloride, was made evailable
through the Hoffmen-LaRoche Laboratories, All work with
rats was done with pure crystalline Librium hydrochloride.
The human studies were carried out with 25 mg. capsuls
desigmed for orzl clinical administration, These contained
inert carrier solids to a total weight of 200 mg. per capsul,
which did not interfere with the colorimetric determination
of Iibrium in dilute solutioen,

Methods of analysis. Two methods for the quantitative
assay of librium in blood extracts have been used in these
studies, In the earlier work with human blood samples, a
colorimetric procedure was used which had been designed for
routine clinical assay of Iibrium in blood or urine and
supplied to us by Dr. L,0, Rnadall of Hoffman-laRoche Latora-
tories. In the later work with rat blood, we had available
a double-beanm recording srectrophotometer, Erwach & Lomb,
Spectronic 505, This ailowed us to develop a more specific
assay for intact Librium in dilute solution or blood extracts
by utilizing the UV spectral differences between Librium and
its hydrolysate, 2-amino-S~chlorobenzophenone, in acid
solution, Since this procedure was develored during the
course of this study, it is presented here in some detail,
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Colorimetric determination of lLibrium. The procedure
made avajlable by Dre LeU, Randall ol Roilman-LaRoche involved
drupg extraction from allkaline solution into ether and back-
extraction into 6N RCl; acid hydrolysis of the extracted drug,
to yield 2-smino-S~chlorobenzophenone; and colorimetric
determination of the literated amine by diamotization and
coupling with N-(l-napthyl)-ethylene diamine dihydrochloride,
Bratton-Marshall reagent, The method had a reported limdting
sensitivity of 2 ag iibrium,.

Wo found it possitle to increase the sensitivity of the
metho! four-fold by making the following procedural changes:
reduction of the acid concentration in the extraction and
hydrolysis steps; hydroiysis under milder conditions of
temperature as well as acid concentration; reduction of the
total volume during diazotization and coupling; and extension
of the time allowed for color development,

Spectrophotometric determination of Librium EZ the
o icﬁ a'enss'ﬁ difference, O,D.D., method, As shown in
igure 9, the characteristic absorption spectra of Librium
in dilute acid shows two diffuse maxima at approximately
250 and 310 mi. The acid hydrolysate of Iibrium shows a
smaller single maximum at 260 mp, By comparing an acid
extract of Librium againat its own hyarolysate as reference
solution (curve 3, Fipgure 10) it is possible to detect welle
defined peaks at 2lli and 313 mn which are apparently charac-
teristic of the part of the Librium molecule which is labile
to the conditions of hydrolysis., The heights of both peaks
bear a quantitative relationship to the concentration of
Librium in solution,

Five ml. heparinized plasma is made alkaiine with 0,05
to 1.0 g. K5C0,. This is extracted with 15 ml. ether by
shaking ot roogu temperature for 30 minutes, After centrifu-
gation, 10 ml. of the ether is backe-extracted with § ml. 3N HC1
by shaking for 10 minutes, After aspiration of the excers
ether, the acid extract is made up to 6 ml, volume with 3% NC1.
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4 3 ml, aliquot of the extract is heated in a boiling
water bath for 45 min, After repid cooling in a cold water
bath, it can be made up to its initial volume with 3N HQl.

Or: 2 double~beam recording spectrophotometer, the OID
curve (from 220 mp to 350 mp) is determined for the 3 ml.
aliquot of Iibrium extract, using the 3 ml, extract hydrolyw
sate as reference solution. The Iibrium concentration is
proportionalto the height of the maximum at 2Ll mp after
subiracting the baseline minimum at 284 mp. Above a Iibrium
concentration of 6 pg per ml., this proportionality is ,061
ODD units per pg per ml, Below & Iibrium concentration of
6 pg per ml., this factor decreases to the lirdting sensi-
ity of the method of L5 OID units at 1 pig per ml.

Since the extraction procedwre gives an overall Librium
recovery of 75 percent (for Librium added to untreated rat
plasma), this method has a limiting sensitivity of approxi-
mately 1.5 pg Iibrium per ml. plasma,

In Figure 10 are shown characteristic curves of plasma
extracts taken at 0, 3, and 12 hours after acute oral adminis-
tration of Librium at 32 mg per kg in the rat. As can be
seen, the curve for the highest blood level at 3 hours is
not qualitatively different from the curve for the lowest
level at 12 hours. In our results to date, there is no
consistent evidence for metabtoljcally-induced changes in
chemical structure of circulating Librium which can be
detected by this procedure.

Acute rat studies. At time intervals of 1, 3, 5, 7 and
12 hours after acufe oral administration of Librium at 32 mg/kg
replicate rats were sacreficed via ether anesthesia, and blood
gamples were withdrawn via the vena cava. ILibrium levels
per ml, plasma were then determined by the spectrophetometric
"optical density difference" method. The time intervals
were sclected tomrrespond with the smallest intervals used
in the behavioral tests.

Results of this work are summarized in Table X and
Fipgure 11, where it can be seen that the peak drug level
in the blood is reacheri at 3 hours,



Tatle &

Idbyium Hloud isvels after Acute Orel Adeinistration
st 32 mz/kg in the Rat

Tiwe aftey Hood level
Treatment Msaan ¢ S.D, ¥o. coservations
{Boure) (gg/nl. plasm)

1 Lo I 103 5

3 6.7 1 3dS 3

5 bt 148 3

7 22 T 0.2 2

12 1.0 . 059 3

2k tr, 2

13,0, satimuted from range according to the mathod of Dean
and Dixon (1951).

2 librium aaministered in aqueous solution at 32 mg/ml.
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Chronid hunan studies. Using the colorimetric (hydrolysis-
diazotizatIon) procedure for the determination of Iibrium
level in the blood, a study was made of human subjects on a
chronic administration schedule. On a dosare of 100 mg per
day (25 mg. q.f.d, per o2), two suhiects atteined a blood
level of approximately L pg per ml. plasma:within 3 days.

On cessation of treatment, blood levels of the drug dropped
off to gzero over a period of 5 to 7 days. Data for theve
two subjecis are shown in Table §2. A single blood anslysis
on one subject who had been on cortiming Iibrium therapy
for 80 days at a daily dose of 30 mg (10 mg t.i.d.) showed
a bvlood level of 1.9}& per ml, plasma,

Concurrent physiological measures taken on the subjects,
AR and MS, supported the general conclusions drewn from a
much larger study (Technical Report No.7 Contract Nonr,
908-15 with Indiana University, RW. Russell, Project Director,
August 1961, "Effects of Chronic Administration of Iibrium
and one of its Analogs on Human Somatic Responses.) Iibrium
appeared to effect a decresse in heart rate and EM3 and an
increase in skin resistance. Gastrointestinal motility and
respiration rate were unaffected. In general, the startle
response to noise of each of these indices was suppressed by
Librium treatment. With the subjects AR and MS, some of these
obgserved effects showed a delay in recovery to predrug
levels of 1 to 2 weeks, although, as previously noted, Librium
blood levels were below the limits of detection within one
week, This lack of parallelism betwcen time-response curves
for blood level and effect is similar to that observed in the
acute rat studies as shown in Figure 11,

Pentobarbital., Pentobarbital sodium was prepared in
aqueous fclution within three hours of the time of adminise
tration, Pentobartital blood levels were determined according
to the Method of Bush (1961) which includes preliginary
extractions into butyl chloride and alkaline buffer, followed
by quantitative determination 4in a UV double-beam recording
spectrophotometer via the ODD (optical density difference)
maximun at 240 mp. The buffer extract at pH 10,0 is read
against a refsrence solution of the extract adjusted to
TH 6.25. In our hands this method had a 1imiting sensitivity
of .03 ODD units for 1 yg pentobarbital per ml. of buffer
estract, with a recovery factor of 75 percent for pentobarbital
extraction from whole blood,
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Tatle 62
Librium Blood Level Studies: Human Subjects

Subject Treatment Iibriun Ievels
—L——EFWWWW)

3
(mg)
I: AR 100 1 - 0.3
5 - h.5
5 2 1.7%
s 5 0
VI: MS 100 1 —— Ous
"3 ——— kO
6 - 36
6 L 0.9
6 7 0
Ys H 30 60 === 1.9

* Librium ddtermined by hydrolysis and diasotisation prooedure,
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Acute rat studies, Conditions for obtaining tlood sanplas
in the pentobarbital experiments were the same as thoee dee-
ocribed in the Librium hlood level studies, The results obtained
are summrized in Tuble and are presented graphically in

63
Mgure 12, where bohavion‘f effects on the SER are shown to
wixy directly as the blood level of the drug,
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Table 63

Fentobarbital Blood lavels after Acute Oral
Adrdrdstration at 4O ag/kg in thr Rat

Tue aftep Kood Jevel ,

Treataent Mesn . 8.D, o, sbeervations

(Rours) (pg/=1. plasma)
0.5 5.0 ! am 3 |
1 5.8 I 030 - 3 g
2 3.0 %138 3
3 b2 D ooda 3 .
L 2,0 ! ol 2 '
é (trace) 2

1 3., eetimated from range according to the wethod of Dsan
an¢ Dixon (1951).

? Pentobarbital admimistered in squeous solution at LO mg/ml,.
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Ce Summary

The results obtained here demonstrate the essential
advantages of sccuring pharmacological and biochemical data
under condjtions which parallel those used for the behavioral
tests. The type of dosc-response profile shown in Figure 8
for Librium can detect and emphasize differences among
specific drugs, For example, the dose-responze profile for
13brium shows three discrete families of curves, each
encompassing a different dose range: i.e,, a group of
curves for specific behavioral effects at doses below 32

s another group of curves for sometic responses or
"oross tehevicral effects" at doses between 50 and 100 mg/kg
and the curve for mortality effects at doses above 1000 mg/kg.
This is in contrast to the proZiles for pentobarbital or
alcohol, where the curves for specific behavioral effects and
"gross behavicral" or somatic responses all occur within the
same dose renges, 1t might be postulated that such separae-
tion of behavioral and gross sometic effects as shown by
Librium 1s a distinguishing characteristic of a "tranquilizerie
type drog as contrested to primarily sedative or relaxante

type drugs.

A differentistion between Iib»ium and pentobarbital i3
also pogsible on the basis of comparison of the time-response
curves of behavioral effects and drug blood levels as shown
in Figures 11 and 12, For pentobarbital, it appears that
behavioral effects as measured on the SER are dependent on the
presence of the drug. For Librium, these behavioral responses
persist well beyond the disappearance of intact drugs from
the blood stream., Such results further serve to emphasize
the need for additional psrallel biocherdeal stvdies, which
would allow comparison of time-response relationships between
behavioral effects and effects on selected CNS biochemical
systems, possibly those involving acetylcholine, serotonin,
and/or norepinephrine,
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VI. SUMMARY AND THSCUSSION

Nature of the project. The present project arose from
the wish of The U.S. Army Chemical Center to obtain informae
tion about factors which affect the behavioral testing of
chemicel arents for incapacitating properties., "Incapacita-
tion" is defined in terms of changes in behavior, changes
which disrupt the organization and performance of normal
activities, The final criteria for testing incapecitating
agents wust, therefore, involve mcasures of behavior, Such
measures may be affected by the characteristics of the
organism under study, the conditions under which behavior is
generated for test purposes, the research design employed in
the test, and the properties of the chemical agent adminis-
tered, From the practical point of view these variables
contribute to the risks of labelling a new agent as worthy
of development when in fact it is not or, on the other hand,
of failing to identify a new agent which is promising.

The contract for the project covered a two-year period
of work., In accordance with its specifications, the first
six months were devoted to examining the objectives of a
program for identifying and evaluating potential incapaci-
tating apents. The objectives were stated and requirements
for achieving them specified in the project!s Report No. 1
submitted in September 1960. The report outlined a general
behavioral screening program consisting of four phases, two
of which involve infrahuman animals and two, human subjects;
the first three phases employ laboratory tests and the fourth,
field tests:

Phase 1. Preliminary screening: animal,
FPhage ?, Screening in depth: animal,
Phsse 3, laboratory tests: human,
Phase L, Field tests: humen,

The final year and a half of the contract was devoted to
empirical studies of factors affecting the development and
operation of Phases 1 and 2 of the program. using infrahuman
animal subiects, The species employed in the research were
rats, Holtzmen Albino Stock,-and monkeys, Saimiri sciurea,
After discussions with the Contract Project OIfTicer 1t was
decided that the needs of the project covld bes’” be met and
its unclassified status maintained if psychoact:ve chemical
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agente already in general use were e’ pioyed in the various
experiments; Librium, pentobarbita” sodium and ethanol were
selected, In addition to experime.ts on behavior, the
project included studies of factors affecting the selection
of dose levels and also some limited studies on drug absorp=
tion and metabolism,

Prelimin screening. Preliminary screening was
necea's_a'ﬁrﬁem—mﬁbe experimental dose levels for

each of the drugs used in the projiect., Since behavior may

be very sensitive to drug action, significant changes in
behavior may occur at ony dose level batween zero and the
level at which toxic effects to the body appear. Median
effective doses were determined for each of five gross
behavioral variabtles: two measures of motor coordinaticn

and three measures of response to "stress®™, The data from
these determinations also provided information atout mimimm
effective doses below which no gross behavioral effects could
be observed, These doses vere used as guides in setting the
maximum dose levels for the more quantitative experiments on
behavior; zero dose, or placebo treatment, defined the other
end of the working range, Doses within this range were
related in decreesing fractional steps of one-half between
succeeding dose levels, a selection which proved empirically
to be effective with the drugs studied for describing dose-
response aharacteristics and for determining the median
behavioral doses, BDggs, of the measures of behavior studied,
The processes of selecting dose levels in this way established
the range through which the principle independent variable,
drug dose, would be systematically varied in the quantitative
studies to follow in phase 2,

Research design. Research design is particularly
important in studies of the present kind because of the
number of variables capasble of influencing any set of obser—
vations, One of the objectives o1 the project was to
examine empirically the operation of saveral different
reseerch desions, Three were studied in detail: randomized
groups desirn, latin square desimm, and Latin souare desien
with replication of the same square, Inesc Gesims werc
selected for very practical reasons, It is obviously
uneconomical to undertzke the costly training of an animal
only to use it for a2 single drup ireatment, as in the caze
of the randomized rroups designs used in the present project,
It is also obviously impractical and uneconomical Lo subject
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an animal to several drug treatments if significant intore
action effects tetween treatments make later interpretation
of results uncertein, as is often true when research is
desigmed in such a manner that statistical tests cannot be
made for carry-over effects. The Latin square designs
provided for such tests. This very fundamental issue,
which is often ignored in so-called "practical®” screening
procedures, will be discussed again later in this summery
when it can be illustrated with data from experiments
conducted during the project,

Measures of behavior. The primery role of incapacitating
agents 1s to produce temporary deterioration or disruption
in the performence of skills which have already been estab-
lished., Performances which it mzy be militarily desirable
to alter range from simple motor skills to complex decision-
making. In the present project, experimental test situvations
were selected so as to provide as wide a range of different
behavior patterns as could bte studied during the limited
period of the contract. These behavior patterns constituted
the major dependent variasbles of the experiment; they were:
food intake, water intake, straightsway escape response,
straightavay approach response, fixed-ratio operant response,
variable-interval operant response, conditioned emotional
response, timing behavior, conditjoned avoidance response,
The general procedure followed in all the experiments was:
to establish stable baselines of performance during a pre-
drug training period; to administer the agent under study
at the beginning of the drug period; and, to measure perform-
ancs at predetermined intervals thereafter until the predrug
baseline had once again been firmly established. In this
way the full course of any drug effects on performance
could be observed,

Behaviorsl screening programs for chemical agents of
any kind must provide quantitetive data, the analysis of
which will allow statements to be made with confidence that
the level of performance has been significantly shanged or
its variebility altered. Agents may produce subtle, yet
significant, changes in behavior which are not readily
detected by gross observation; such effects, which should
be of particular interest to those concerned with incapaci-
tation, can only be stvdied when ocuantitative meassures of
behavior are avsilable to provide data suitable for appropriate
statistical analysis. If an arent js to te used for practical
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purposes, it is alsc essential that precise informetion on
various parameters of the drug-behavior interaction, e.g.,
dose- and time-response relations, also be available,
Measurements of behavior petterns generated in the test
situations listed above provided data which can be used to
illustrate the kinds of basic information which should be
specified in any program desipgned to determine the behavioral
effects of incapacitating agents,

Results. Report No. 1 described certain desirable
characteristics of incapacitating agents., The sections which
follow use these characteristics es headings in discussing
results obtained from empirical studies conducted during the
present project.

1, Predrug baseline performance. Because individual
differences c ram't%am of even the most homo-
geneous straing of animals, it is desiratle to use each
subject as its own control. In experiments conducted during
the present project the measurement of predrug performance
provided baselines which served as reference points for the
analysis of drug effects on both performencs level and
variability, Traiming was contimued until predrug perform-
ance had stabilized at an asymptotic level and variability
within a test session was minimal, Each animal!s performance
during the drug phase of an experiment was then expressed

as a per cent of i1ts mean level of stabilized predrug
performance,

2. Dose-response characteristics. Incapacitating
agents should produce their effects on behavior at relatively
low dose levels, Although the drugs used in the present
project were not "incapecitating apents", the procedares
used to determine their dose-response charscteristics are
generalizable to.the study of any psychoactive chemlcal agent.,

By testing the significances of differences in perform-
ance at peak effect times for groups receiving different drug
doses, it was possible to answer the question as to whether
or not 2 drug had affected behavior within tho range of doses
administered, The results of the present project clearly
illustrated two kinds of differential effects produced by
chemical agents:



ant e s R A S

bk |

a. An apent may affect certain tehavior patterns
and not others., Kor example, within the standard doses range
for Iibriun there was no evidence that the magnitudes of
food and wuater intake were affected, while other kinds of
performance, =.g., operant escape responses, showed very
significant decrements,

b, One parameter of a behavior pattern may be
affected independently of another, This kind of differential
effect is illustrated by the experiments on the strajghtaway
escape response where level of performance was significantly
decreased within the standard doses range for all three drugs
studied, while variability of performance was affected only
during the pentobarbital series. Since incapacitation may be
produced when either or both of these parameters is affected,
1% is important to analyze both during a screening program.

Dose-response characteristics may be described in terms
of concomitant varjations between magritude of behavior
changes and differences in dose levels of a drug. The
typical relation between these two variables in experiments
where behavior was significantly affected appeared as increased
decrements in performance as dose level increased. The
relation operated after a threshold for change was reached;
btelow the threshold, changes in dose level produced no effects
upon behavior,

3. Time-response characteristics, There are two main
features To be considered here, First, it is generally
desirable that the onset of effects occur in one hour or
less following administration of an agent, although an agent
which had 2 delayed time of onset would bde of interesi for
special purposzs. Second, it is important to know the time
courgse of effects once they have been pioduced, if an agent
is to be put to practical uses where the deviation of its
effective action must be predictahie,

For all three drugs studied in the present project, it
was typical thet pesk effects were rapidly obtained, i.e.,
in less than one hour, after drug adwinistration., Above
the threshold dose required to produce a change in behavior,
duration of effect varied systematically with dose level:
duration increased as level increased,
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L. Reversibility of effects. It is desirable that the
effects of an Incapuciti%lng agent at the dose levels required
to produce significant changes in behavior be completely
reversible, j.e., that the agent produce no lasting behavioral
or organic effects. All experiments of the present project
were desimmed to study such reversibility at the behavioral
level,

The concept of "incapacitation" developed in Report No.
1 laid emphasis upon the fact that the behavior patterns of
living organisms are correlated, directly or indirectly,
with biochemical events occurring within the organism;
chemical acents may be used to interfere with these bio-
chemical events, thus producing changes in normal behavior,
This concept involves three classes of variables - chemical
agents, biochemical events, and behavior - 2all of which may,
under specified experimental conditions, exhitit the charac-
teristic of reversibility: drucs are sbsorbed and then
metabolized or eliminated; biochemical events may deviate
from their normal resting or steady states and later
reestablish them; behevior may change from its predrug
baseline and return to it., A systematic body of knowledge
about incepacitation, from which predictions could be made
as to where to search £nr new agents, would seem to depend
upon information concerning interrelations between these
three classes of variables,

During the eighteen months of experimental work under
the present project it was possible to make only a small
beginning to the task of studying such interrelations.
Studies were limited to the determination of certain drug
parameters, e.g., EDggs, time charactexristics of absorption
and metatolism, The results of these studies are reporied
in detail in Section V of the present report,

On the other hand, information was obtained about the
reversibility of behavioral effects for 2ll behavior patterns
studied, In all instances where performance deviated from
predrug baseline levels after administration of a chemical
agent, baseline levels were reestablished, usually within
48 hours, thus indicating complete reversibility of all
behavior effects produced by drug administration.

Comparisons were made between the time-response curves
of certaln of the reversible behavicral effects and drug
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blood levels. Using the straichtawsy escape response as an
example, it appeared that the behavioral effects were related
to the presence of pentobarbital in the body, bubt that they
persisted well beyond the disappearance of intact Iibrium
from the blood stream, The existence of significant carry-
over effects for this behevior pattern during a series of
vweekly administratfions of Librium was in contrast {o the
lack of such effects during repeated administrations of
pentotarbital, Reavlts such as these indicate the need for
information about the time characteristics of changes in
biochemical systems induced by chemical agents if basic
relations between chemical agents, biochemical events and
behavior are to be understood,

S. large "therapeutis index", The potential safety of
new drags 1s grequen&y expressed as a therapeutic index or
ratiec: 1D + The larger this value is, the greater
is tie margin of safety within which an agent may be used
withcut danger of irreversible effects. In consideration of
the criterion discussed in the preceding section, it is
c;:vioualy desirable to seek agents with large therapeutic

Gexes , :

A method of probit analysis for dotermining median
behavioral doses, BDgps, is described in Section IV D of the
present report, This value represents the dose of a particu-
lar drug necessary to produce a significant change of per-
formance in 50 per cent of the sample of subjects studied.
For exemple, the ED for motor and stress responses as
measured during preliminary screening were found to be
100 mg/kg and SO mp/kg, respectively, for oral administration
of Librium; the BDgn for the straightaway escape response
wes 9 mg/kg. Comparing each of these with ths LDgg of
2000 mg/kg provides tharepeutic indexes of 20,40 &nd 222,

The differences between the ratios illustrates the wide dose
range over which different behavior patterns may be sensitive
to effects of the same drupg., It emphiasizes the importance

in behavioral screening of chemical agents .of not depending
solely on a single or even upon several related measures of
behavior; a variety of measures representing different aspects
of behavior can provide a profile of effects which more use-
fully describes the behavioral toxicity of a drug and make
possible comparisons with patterns for other apents,
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6. Tolerance and sensitlzing ~ffects. Although circum-
stances under which incapacitating agents might be employed
for military purposes make it desgirable that such agents be
effective with a single administration, it is possible that
target personnel might be exposed to prolonped or repeated
administrations of an agent, The affects of repeated exposure
may vary with different agente from increasing tolerance to
increasing sensitivity. In the present project Latin square
research designs were used as the major approacn vo studying
carry-over effects and for determining any influences which
the order of doses may have had wuen a sequence of adminis-
trations involved more than one dose level.

Significant carry-over effects were found to occur with
certain drups, e.g.,, Iibrium, and not with others, e.g., pento-
barbital. In the case of the present agents, the trend was
in the direction of sensitization, i.e., of greater magnitudes
in chanpes of performence from predrug baseline levels, No
significant dose-order effects were found,

Carry-over effects from one drug administration to
another may introduce serious complications of considerable
practical jmportence in behavioral screening programs for
incapacitating apents where the same animals are used for
extended periods of time during which drug administrations
include not only different doses of the same agent, but also
agents with different chemomorpholomies, It is Hfficult to
see how data obtained under such conditions can be meaning-
fully interpreted as screening programs are often carried
out. With adequate research designs, e.g., lLatin square, it
is possitle to determine whether or not carry-over effects
have occurred in order that they may be considered i
interpreting results obtained., Had the project continued,
other research designs, which might have assisted in the
interpretation, would have heen studied; some possibilities
are mentioned in Section II of this report,

An obvious elternative approach is to eliminate such
effects, if possible, One means of doing this *s to allow
adequate intervals beatween successive drug administrations,
However, adequate intervals must be determined empirically
for the experimental conditions under which final %tests
are to be carried ont. Since the interval is defined by
the duration of the slowest "recovery process" amony the
three major varishles involved in the drug-biochemical system -
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behavior interactisn, it is necessary to know the time charac-
teristics of each, It is not adequate ‘o base inter-treatment
intervals upon knowledge of the time-response relations for
behavior chenpes only: in the present experiments, prelim-
inary studies showed that decrements in level of rerformance
following administration of Iibrium disappeared well within
the seven-day interval between succesgsive administrations,

vet significant carry-over effants, rmesumehlw wmelatnd o
continued effects of the drug on some blochemical system(s),
were found,
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